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S I

An experimental and analytical program was conducted as a step in a systematic
engineering parametric study to establish the necessary engineering criteria for the
prediction and prevention of flow decay in operational nitrogen tetroxide systems.
Tests were made with both green and red-brown nitrogen tetroxide over ranges of scven
other parameters: initial propellant temperature, temperature drop before reaching
the test section, time during which the temperature drop is imposed, filter pore size,
local velocity through the filter, total volume per unit filter area of propellant
passing through the filter during a test, and iron saturation condition.

Flow decay was observed under some test conditions and was absent under other
conditions. The rabes of decay ranged up to 2.8 %/min, although the mean rate was
about 0.5 %/min for all tests in which any significant flow decay occurred.

It was possible to deduce information about the effects of these eight major in-
dependent variables on flow decay. However, it was found that the effects of these
parameters are generally not simple or independent of each other; they exhibit many
interactions. In addition, there are often threshuld effects for flow decay (i.e.,
an identifiable boundary between a range of variables for which no flow decay occursI rnd a range for which flow decay occurs at varying rates). These thresholds are not
sharp, and further depend upon the interactions of the independent variables. j
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ABSTRACT

An experimental and analytical program was conducted as a step in a syste-
matic engineering parametric study to establish the necessary engineering
criteria for the prediction and prevention of flow decay in operational
nitrogen tetroxide systems. Tests were made with both green and red-brown
nitrogen tetroxide over ranges of seven other parameters: initial propel-
lant temperature, temperature drop before reaching the test section, time
during which the temperature drop is imposed, filter pore size, local velo-
city through the filter, total volume per unit filter area of propellant
passing through the filter during a test, and iron saturation condition.

Flow decay was observed under some test conditions and was absent under
other conditions. The rates of decay ranged up to 2.8 %/min, although the
mean rate was about 0.S %/min for all tests in which any significant flow
decay occurred.

It was possible to deduce information about the effects of these eight major
independent variables on flow decay. However, it was found that the effects
of these parameters are generally not simple or independent of each other;
they exhibit many interactions. In addition, there are often threshold ef-
fects for flow decay (i.e., an identifiable boundary between a range of
variables for which no flow decay occurs and a range for which flow decay
occurs at varying rates). These thresholds are not sharp, and further de-
pend upon the interactions of the independent variables.
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NOMENCLATURE

A Filter area

Af Free aiea of filter available for flow

C Discharge coefficienz (defined by Eq. 8)

D Filter nominal pore size

H Pressure drop across the filter, psi

H* Calibration value of H (i.e., for a clean filter), psi

k Constant in Eq. 3

L Flow decay parameter defined by Eq. 11, gal./sq in.

Lt Flow decay parameter defined by Eq. 10, gal./sq in.

n Constant in Eq. 3

Q Flowrate, gal./min
Q* Calibration flowrate (i.e., for a clean filter), gal./min

Best estimate of the value of Q2 (i.e., flowrate at time t 2 ) if

H2 = H2 1
Re Reynolds Number fcr filter, DQp/AV

t Time, min

T Temperature, F

T Initial propellant temperature, F

AT Temperature drop (TO minus temperature at test section during

flow), F

V V12/A (total amount of piopellant per unit filter area which has

passed through the filter), gal./sq in.

V1 2  Volume of N2 04 flowing through filter between tI and t., gal.

W 1 - Q/Q*, fractional drop in flowrate between the clezn filter

case and the case of interest

X I - Q2/QI, fractional flow decay at constant H

y General random variable

Y X/(t 2 - t1)

Z (W2 - W1)/(t 2 - t 1 )
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GREEK

E Random error term

Viscosity i

Mean value of the i variable; true value of the outcome of the
.th
i experiment

P Density

a Standard deviation
t

LITERAL

cov(a,b) Covariance of a and b

E(y) Expected value of y

GB Two-level variable with assigned values of 1 when green N 0 is
2 4

used and -1 when red-brown N 204 is used

RL Two-level variable with assigned values of 1 for rapid cooldown

and -1 for long cooldown

SAT Two-level variable with assigned values of 3. for N204 which is

doped with iron pentacarbonyl to ensure iron saturation, and -1

for N204 tested as received I
var(a) Variance of aI1
SUBSCRIPTS

o Initial value, at t o as with clean filter

1 Value at time t1

2 Value at time t 2 (t 2 > t 1 )
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INTRODUCTION

The phenomenon of flow decay is defined as a spontaneous decrease in the flow-
rate through a constant pressure flow system. Flow decay in nitrogen tetrox-
ide systems is a function of the in situ formation of solid or gel-like mate-
rials that can obstruct the flow through valves, filters, orifices, or anTy
other flow element with a constriction of small size. There are several
ferric nitrate derivatives which can be deposited to produce flow decay, such
as nitrosyl tetranitratoferrate, NOFe(NO3 ) 4 , and partially hydrated or hy-

drolyzed ferric nitrates, Fe(N03)3-n(OH)n . x)2f. These materials are solu-
ble in nitrogen tetroxide at levels of the order of a few parts per million
(as iron). Kh1ile there are many factors which can influence the corrosion
processes that produce these compounds in solution, the extensive exposure
of all nitrogen tetroxide to iron during the manufacturing and shipping proc-
esses can be expected to form these materials in approximately equilibrium
amounts.

Rocketdyne has conducted a number of previous investigations of aspects of
flow decay, beginning in 1964 (Ref. 1 through 4). Laboratory investigations
and observations of flow decay in field systems have also been made by a num-
ber of other companies and agencies. A useful summary of past work is given
in Ref. 5 . The previous studies have provided some understanding of the
underlying mechanisms and many of the important parameters affecting nitrogen
tetroxide flow decay. However, in general, they have not provided informa-
tion tlat could permit prediction of the occurrence or absence of flow d&cay.
The fulfillment of this technology void would provide the basis foe unigineer-
ing control of this potential system failure mode through &'..iinition of re-
quired system design criteria and/or system management concepts.

rhis program was intended to be the initial step in a systematic engineering
parametric study to establish the necessary engineering criteria for the
prediction and prevention of flow decay in operational nitrogen tetroxide
systems. Its goals were to establish experimental techniques ar.d data analy-
sis techniques to give statistically reproducible nitrogen tetroxide flow
decay data, and to provide an interim guide to the gross effects of major
parameters on N20 flow decay. A fundamental assumption underlying the pro-
gram was that any commercial nitrogen tetroxide will have the potential of
undergoing flow decay, if suitable conditions are present during flow.
Therefore, the philcsophy was to disengage corrosion studies (i.e., varia-
bles which primarily affect the formation of iron compounds in solution) from
these investigations of deposition of flo' decay material.

In this program, the first task (Phase I) was to develop a test plan to be
used in performing flow decay tests. In the second task (Phase 11), flow
techniques and apparatus developed and used in previous Rocketdyne programs
were modified and used to perform parametric tests, following the sequential
experimental design outlined in Phase I. The third task (Phase I11) comprised
the analysis of test results to decine sets of conditions under which flow
decay will or will not occur in specific system components, and to develop a
preliminary basis for establishing criteria to avoid this failare mode.

Ui



"FLOW DECAY TESTS

EXPERIMENTAL SYSTEM

An experimental flow bench system was built and used for study of the flow de-
cay phenomena under Contract AF04(611)-11620 (Ref. 2) and later refurbished
and modified for use under Contract F04611-68-C-0070 (Ref. 4). For the cur-
rent program, the flow bench was refurbished again and a number of changes
were made to the system to satisfy current requirements. Changes included in-
stallation of larger propellant tanks, an agitator in the main propellant
tank, ar.d improved instrumentation.

A schematic diagram of the flow system is presented in Fig. 1. The main tank,
or run tank, and the catch tanks comprise the cnd points of the N2 04 flow
path. The main tank is a 10-gallon flanged spherical stainless-steel vessel
contained within a temperature-conditioned, stirred-water bath. The catch
tank indicated on the schematic is actually two 5-gallon stainless-steel
cylinders connected in parallel; no temperature control was provided for these
tanks. Both the run and catch tanks are connected to a pressurization and
vent system which supplies gaseous nitrogen for pressurization. The pressure
control system maintains both the tank being emptied and the tanks being
filled at constant pressure during any flow process. The controls for setting
the pressure levels are operated remotely.

All materials of construction in the flow bench are compatible with N2 0,1 . The
tanks, valves, fittings, and fluid lines art fabricated of type 304, 316, 321,
or 347 stainless steel. Valve seats and stem packings are made of either
Teflon or Kel-F. Teflon tape is used as the thread lubricant on pipe fittings.

Two parallel test sections are provided. The flowrate is adjusted, in general,
by selecting and setting the desired run and catch tank pressures. However,
each flow path has a servo- opera ted., remote-control metering valve located

downstream of the test section which can be used for additional control. For
about 90 percent of the tests, this valve was kept full open. Between each
test section and the main tank is a heat exchanger. The heat exchangers con-
sist of a length of 1/4-inch stainless-steel tubing in an open water bath.
Each heat exchanger bath is agitated and the tempprature is held constant by
operating an on-off valve that controls the flov. of coolant water from a re-
frigeration bath. A standpipe returns the overflow from the heat exchanger
bath to the refrigeration bath. Ball valves are provided to route the pro-
pellant flow through the heat exchangers or arouni them before entering the
test sections. Also, ball valves are provided to ;elect either the run
tank standpipe outlet port or the bottom outlet port, depending on whether
the run was a rapid cooldown test or a long or sloi; cooldown test,
respectively.

After 2ompleting a run, propellant can be discharged to a waste storage tank
or recycled to the main tank through a bypass line that can be filtered or
not, as desired. In this program, the recycled propellant was never fil-
tered. A 40-micron filter was installed in the system feed line to filter all

new propellant coming into the flow bench from the storage cylinders (see

2



ccL 0 a

taLa L.) CL .n Lý L&

La -J J 4 4E

~ LaC~ -a~ 4 0.- -

La La

-j a Li 4 -~ K Z La La C Laco

a - z .- ~~ 0 I ~ U~ La

C, a . - - -j0~-

14.

f ft

LPU-x

3



F

The test sections consisted of small stainless filters of the woven-
wire type. These filters are commercially available un its obtained from

Western Filter Company, Inc., Los Angeles (basic part number 19310)'. A spe-
cial feature of this filter is that it can be <-"-d to or removed from the
system with minor effort. Thus, it was parti( ly suited to the needs of
this program. With the exception of one filt ze (a SO-mesh wire screen),all the filters used in this program were in ti,_ ticron range. The filter

sizes used are listed below:

()cro Rating

Size, microns Nominal(a) Absolute(b)

,t2 2 10
S5 5 is

k:10 10 25
.40 40 60

SO0 mesh 280

' (a)95 to 98 percent of particles above

; thi5 size are removed

(b0l0 percent of particles above this
size are removed

I NSTRUME-NTATI ON

Nitrogen tetroxide flowrates were measured in each of the parallel test sec-
tions by Fischer-Porter, radio-frequency-type turbine flowmeters. Propel-
lant temperatures were measured in the main tank and in the line between
the heat exchanger outlets and the test sections (as shown in Fig. 1 ) by
iron-constantan thermocouples and a Pace 150-degree reference junction.
Also, thermocouples were installed in the main tank bath and both heat ex-
changer baths to assist in setting the desired test conditions. Pressures in
the main and catch tanks were determined with Taber pressure transducers.
Pressure drops across the test sections were measured with Data Sensor differ-
ential pressure transducers. These flowrates, temperatures, and pressures
were recorded on five Hewlett-Packard Mosely dual-pen strip chart recorders.
Through use of selector switches, heat exchanger bath temperatures could be
read on the recorder used for indicating propellant line temperature, but
were not recorded during the actual test runs.

* !TEST PLAN

A test plan wa& developed and approved by the Air Force Project Officer be-
fore the experimental work was started. It was designed as a sequential
plan to:(1) incorporate features to minimize the required number of tests,
(2) take into consideration the changeover time between subsequent tests,

r and (3) allow flexibility in investigating problem areas as they would be
identified during the test program.

The major independent variables to be controlled and measured were: propel-
lant composition, test section hardware, iniLia ppellait cratrc,
temperature drop before reaching the test section, time during which the

.4



temperature drop is imposed, initial flowrate, and saturation condition
(i.e., whether the t204 was used as received, or doped with a small amount
of iron pentacarbonyl to ensure iron saturation). A large matrix of poten-
tial tests was prepared with a preliminary selection of the combinations of
test conditions and order in which test sets would be conducted. However, it
was recognized at the outset that: (l) the conditions for the test sets to be
made, (2) the number of tests within each test set that would be required to
obtain the necessary information (including replications to help resolve
complex and unusual behavior), and (3) the order of test sets would differ
somewhat from those given in the matrix as a result of sequential decisions
(based on information from earlier tests) which would be made during the
actual test program. This preliminary test plan outlined many more poten-
tial tests than realistic estimates would predict could be performed during

the program; best efforts were made to make as many of these tests as
possible.

During the program, tests were made with variations of all seven of the major
independent variables originally selected. These variables, and the levels
or ranges of values employed are summarized in Table I.

TABLE I. INDEPENDENT VARIABLES IN EXPERIMENTAL TESTS

Variable Number of Levels Range of Values

N204 Composition 2 Green and red-brown

Test Section Hardware 7 2-micron through 50-mesh
I filters

Initial Propellant 3 50, 75, and 100
Temperature, F

Temperature Drop, F 7 0 through 34
(approximate)

Time for Temperature 2 Short (during flow) and long
Drop (approximately 2 days)

Initial Flowrate, gpm S 0.14 to approximately 0.5
(approximate)

Saturation Condition 2 As received, or doped with a
small amount of iron
pentacarbonyl

OPERATING PROCEDURE

The rtu tank was charged with nitrogen tetroxide from the appropriate storage
cylinder, through a 40-micron filter in the fill line.

For certain test series, i contractual requirement was to use propellant
saturated with flow decay material. To ensure that satwTated conditions ex-
isted, a small quantity (an amount corresponding to "onc saturation dose" of
iron using the approximate solubility data trom .Ret. i) of iron pentacarbonyi

was reacted with the nitrogen tetroxide in the run tank to foim nitrosyl

S
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tetranitratoferrate, the flow decay compound. The iron pentacarbonyl was

placed in a microliter syringe with a 24-inch long needle and injected
* directly into the run tank. A septum and ball valve arrangement was de-

signed and mounted on the top flange of the run tank for this purpose. The
tank contents were agitated during this addition.

Both long and rapid cooldown tests were conducted in this program. In the
"rapid" cooldown tests, the propellant was allowed to stand in the run tank

for a minimum of 2 hours at a given initial temperature, T , before a test
was started. The main tank agitator was turned on periodically to help equal-
ize the temperature. The heat exchanger baths were then adjusted to the de-
sired temperature. Final prerun preparations consisted of setting the ball
valves in the flow system to achieve the desired flow path. If the propel-
lant was to be subjected to a temperature drop before entering the test sec-
tion, it was flowed through the heat exchanger where it would undergo rapid
cooldown. If the propellant was bypassed around the heat exchanger, i.e.,
no temperature drop was imposed, the run would be a zero temperature drop
test buc still a part of the rapid cooldown test series.

For the long (or slow) cooldown tests, new propellant was transferred from
the storage cylinder to the flow bench and allowed to stand at a selected
starting temperature, T 0 , for at least 2 hours. Then the propellant was
cooled slowly over a period of about 48 hours to result in the desired tem-
perature drop. The propellant was maintained at the final temperature for
at least 2 hours to ensure that temperature equilibration was reached. The
run was then conducted with the propellant undergoing no further tempcraturc

changes before entering the test section.

To begin a run, the main tank was pressurized to the selected level with gas-
eous nitrogen. The catch tank was then pressurized and the vent regulator
was set to the proper pressure. Flow was started by activatirg the remote-
operated ball valve at the catch tank inlet. Flowrates through the test sec-
tions were adjusted as necessary by making changes to the vent regulator
pressure setting and/or the main tank pressure setting. With the exception
of a few runs (i.e., runs with very low flowrates) the metering valves were
wide open. In most cases, runs or a series of runs were carried to propel-
lant depletion. At this point, the propellant was either returned to the
main tank through the bypass line, or dumped in a waste storage container.

NITROGEN TETROXIDE COtPOSITIONS

Two types of nitrogen tetroxide, red-brown and green, were used in this pro-
grain. A standard nitrogen tetroxide, 1-ton shipping container was emptied,
cleaned, and sent to the Western Test Range (WTR) and another to the Eastern
Test Range (ETR) to be filled with 100 gallons each of red-brown N 0 and
green N2 04 , respectively. A sampling system was designed, assemblid, and
used to take samples for chemical analysis from each of the two propellant
supply tanks after they were returned. These samples were analyzed by
Rocketdyne using conventional "wet" techniques (per specification HIL-P-
26539C, and in some cases MIL-P-26539B) except for the water analyses, which
utilized nuclear magnetic resonance (lH nmr) techniaues with N20 4 -H 2 O -t;n-
dards carefully prepared and sealed in precision nmr tubes during an earlier
Rocketdyne program.

6



Information also was obtained from ETR and WTR on their chemical analyses of
the propellant sources from which the propellants shipped to Rocketdyne were
taken. Information from WTR showed that the N204 in the ready storage
vehicle (RSV) used for the 2 June 1971 filling of Rocketdyne's supply tank
was loaded on 20 and 21 August 1970. The WTR chemical analysis results were
obtained for a sample taken from the RSV on 1 June 1971. Results of chemi-
cal analysis were received from ETR for a propellant sample taken from the
RSV used to fill the supply tank used in this program. The ETR sample was
taken on 19 April 1971, which is reasonably close to the time (17 June 1971)
that the supply tank was filled. The results of these chemical analyses are
suimnarized in Table II.

TABLE II. CHEMICAL ANALYSIS OF NITROGEN TETROXIDE USED FOR TESTS

Component Red-Brown N2,O wt. % Green N2 0 wt. %

NO -- 0 . 5 4 a) 0 . 6 3(c)

H2 0 0 . 0 4 8(a) 0 .0 5 (b) 0 . 0 6 0(a) 0 .10c)

N2 04 assay 9 9 . 9 (b) 9 9 . 4(a) 9 9 . 0(c)

NOCI -- 0 . 0 3(a) 0 . 0 2(c)

(a)Rocketdyne analyses; (b)WTR =z-.1yses; (C)ETR analyses

It can be seen that there is fairly good agreement between results of the
various analyses.

There was some co'icern about the implications of the low NO concentration
measured for the green N2 04 relati-e to the lower limit of the current MIL
specification (0.60 wt. %). ETR ..utained an NO content of 0.63 wt. % com-
pared to 0.54 wt. % obtained by Rocketdyne. The two analyses were made
within a short interval of time and therefore both can be considered appli-
cable analyses. An average of the two points gives a value of O.59 wt, %
which is approximately equal to the lower limit of the current MIL specifi-
cation. All of the other component concentrations are within the MIL-P-
26539C limits.

7
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EXPERIMENTAL RESULT'S AND ANALYSIS

I DERIVED FLOW DECAY PARAMETERS

The ideal experiment to measure flow decay would hold the driving force (pres-
sure differential) across the test section exactly constant. Unfortunately,
this would be extremely difficult. In this program, the main tank and catch

tank pressures were controlled during a run at constant levels (as discussed
in the Flow Decay Test section), within the operating band of the pressure
regulators. The net effect on pressure drop across the test section (H), as
the resistance across the test section increased (i.e., flow decay was occur-
ring) could cause H to decrease, remain constant, or increase. This possible
range in trend is a result of the complex interaction of several factors:
the actual increase in resistance across the test section caused by deposi-
tion of flow decay material; changes in the pressure drop in the remainder of
the flow system, as the flowrate changes; and fluctuations in main tank and
catch tank pressures, within the normal operating bands.

These relationships are partly illustrated in Fig. 2. The lowest of the
three curves is the calibration curve (corresponding to a completely clean
filter) and was generally known from the calibration measurements at the
beginning of a run. Points 1 and 2 represent values of Q and H measured at
two times during a run. In this case, H2 is shown as greater than Hl, al-
though this is not always true (as discussed in the previous paragraph). The
two dashed curves through Points 1 and 2 represent the hydraulic character-
istic curves for the filter with the degree of clogging present at each time
but, since it is not possible to "freeze" the filter at a given point, it is
not possible to determine these two curves experimentally.

Several methods and parameters were considered to reduce the basic experimen-
tal data to a common basis, in order to permit direct comparisons between

runs and for use in correlation analyses. The final choice, and most mean-
ingful parameters to characterize the amount and rate of flow decay are de-
fined as

Q,= Ql(1)

x
Y = (2)t2 - tI

2 1

where tI and t 2 are times corresponding to Points 1 and 2 during a run, Q,
is the measured flowrate at time ti, and Q2,' is the best estimate of the
value of Q2 if H were held constant at the value li (i.e.. Point a in
Fig. 2). Therefore, Y is the best estimate of the rate of fractional de-
crease in flow that would occur if the driving force across the test section
remained exactly constant during a test.

Each f4iter te t cxrtinn with the Ayrprtinn nf thni ,,sed on Rim, I through
39 and 160 through 165, was CIow calibrated with N2 04 to be used in that
particular test series. These sets of calibration data points were fitted

I ! 8
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very well by the equation

11* = k(Q*) (3)n

where the value of n for various filters was very coisistent and approximately'
equal to 2. The value of k did vary among the different filters. Typical
pressure drop versus flowrate calibration curies for several different filter
test sections are shown in Fig. 3. In Fig. 3, to distinguish between filters
having the same nominal pore size but different filter areas, the letter "H"
or "F" was added to the micron rating.

It is assumed that Eq. 3 also represents hydraulic characteristic curves for
partly clogged filters, with n still equal to 2, but with different values
of k. Equ -ion 1 can then be written as

This equation was used to reduce the experimental data to a common basis.

Another parameter that is of some value in ana).yzing flow decay data was de-
fined as

and represents the flowrate defect, or fractional drop in fle-,rate between the
new filTer case and the point of interest. Values of W at various stages in

a filter's history can be compared, e.g.

W1 W1

" -t (6)

It can be shown that Y and Z are related approximately by the expression

7= Y ?•1 (7)

A third parameter was derived for use in examining the experimental flow decay

data, as outlined below. The flowrate can be expressed in terms of a dis-
charge coefficient, C, and the filter area, A, as

Q = CA o (8)

The discharge coefficient will increase as the filter becomes partly clogged,
and is a function of many variables that influence the deposition of flow
decay material, including a filter Reynolds Number, which can be defined as

Rc = DQp (9)

If it is assumed that C is proportional to the free filter area, Af, (i.e.,
total area of openings available for flow) at any time. and thnt the .9mo,_,nt
of effective free filter area that is clogged by flow decay material (if at
all) is proportional to the quantity of N2 04 per unit filter area that has

10
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flowed through the filter, then the following equations can be developed

L t f Q(t)dt (10)

1 A2 Q(t)dt

L A o C2 ) (12)

~12 (0 1

where Eq. 11 and 12 apply for constant H (i.e., C is the same for both t1
and t 2 ) and V1 2 is the total volume of N2 01 passiRg through the filter be-
tween time t1 and time t 2 . Combining Eq. 8 and 12, plus defining Qo as the
new filter (i.e., calibration) flowrate results in

L A ____(13)

V 1 2  
Q*

It can be shown that X and L are related approximately by the expression
L ~~2AX (4

Q*(t2 - t1)(2 - X) (14)

ANALYSIS OF EXPERIMENTAL ERROR

Only a small amount of flow decay occurs with the type of filters and condi-
tions being used in these tests; therefore, a number of experimental error

analyses were made to provide guidance in the data reduction work. After con-
sidering both the precision of various experimental measurements and the
precision associated with each of several techniques for extracting numbers
from the recorder charts, it waq possible to choose a convenient technique
giving an acceptable precision in the final data values (i.e., flowrate and
pressure drop across the test section plus corresponding values from the
filter calibration curves at various times during a run). The error analy-
sis techri.ques and results are outlined in the following paragraphs.

A group of n experiments is considered in which pi represents the true value
of the outcome of the ith experiment. It is recognized that there is experi-
mental error at each step and thus the observed values correspond to a ran-
dom variable yi such that

Y i + E

in which ei is the random error term. It is assumed that the ei are all in-
dependent and have expected value zero. If it is further assumed that they

12



are normally distributed, then a 9S percent cnnfidence interval on p is
1

i -± 1.96 a. (15)
1

where u, is the standard deviation of v. (and hence of c.) , i.e.,1 11

2
J. = var(y.) = E(Yi. - E rr)"

= E( 2. 2

Thus, knowing the variance of y, allows establishment of error bounds on the
experimental outcome.

In the current situation, yi is a function of several independent variables.
Dropping the subscript i for convenience, this can be written as

y = f(v 1,.. .. Mv)

where vi,..., vM are the values of the independent variables (recorder chart
readings, for example), and which are subject to experimental errors. In
genera], the moments of y (mean and variance) are functions of the moments of
the v-. Computing these moments can be a very arduous task unless f is ex-
tremeiy simple. In many cases, this can not be done in closed form; there-
iore, it may be necessary to resort to numerical integration or possibly the
use of Monte-Carlo cechniques.

However, if the variances of the vj are small, approximate moments of y can
be computed by expanding f in a generalized Taylor's series about the means
of the vj. Thus, a first-order approximation to y is given by

y f(il.... n) + Z- (x .

where the wj are the means of v.
33

E(v.) -.

It follows that

E(y) = f(1.....P M) + E--v. E(v. p.)
1~ ~ = *m . v J

= f(ul ... 'm) (16)

2
var(y) E(y - E(y))

E[m (vf (V - ]j 2

n n vf f.
E 1jE 7- E(v - z - u.) (17)Sj--1 (v. 1

13 -



If it is assumed that vj is independent from vZ, then,

aj
E(v~ - X9v - 1)

Therefore, the final result is

t
S~~var(y)- --. /. (18)

SComparing Eq. "8 with Eq. IS, it can be seen that the problem of determining

a confidence interval for the experimental outcome has been reduced to esti-
,* mating the variances of the independent variables.

Equation 18 w.-- evaluated with X as the dependent variable (i.e., N = X) and
using the expression in Eq. 4 to define f. The final evaluation of this
equation was made with the following values for the means and variances of
the experimental variables.

Independent Nominal Estimated
Variable (v.) Mean Value Variance (j2)

-7 2Sand Q2  0.25 gpm 2.5 x 10 gpm

H1 and It2 7 psia 4 x 10 psia

tI - tt2  10 minutes --

tI a nd t2 1 x 10- rmin2

The estimated maximum experimental error (95% level) in each case is two
times the square root of the estimated variance. With these values, and
using Eq. 18, the estimated standard deviation of X is 0.0035 (i.e., a
change of 0.35% in flow). This estimated value is essentially independent
of the time interval (t 2 - tl) because of the small experimental error in
measuring time. This value was then used in various statistical tests ap-
plied to the data to determine whether flow decay occurred or not. For ex-
ample, experimental runs for which the values of X are greater than 1.282 0
(i.e., 0.0045) can be said to represent cases of flow decay (X > 0) at the x
90 percent confidence level. This value of 1.282 a is the deviation fromx
the mean corresponding to a confidence level of 90 percent for a one-sided
test (normal distribution).

DATA REDUCTION AND DERIVED RESULTS

Values of Q and H were taken from the recorded traces for each run at several
times: (1) as near to the beginning of the run as practical, (2) at the end
of the run, and (3) at nn e or mnir inta,-m edi•ate time•,c -- ,r---11., '- U.d--

any inflection points within a run. Generally, the slopes of the Q and 11
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traces were fairly constant for 3t least several minutes at a time. A Ccrn-
puter program was written and used to calculate values of various paraneLers
(X, Y, Z1  Z, W, V, L, Re) for each significant time interval within each
run. A c~le~pite'set of this computer output is given in the Appendix. These
derived results were then used with a variety of techniques to organize,
generalize, and correlate the data.

One of the first efforts in crganizing the derived results was to develop a
large matrix showing a brief indication of the results of each experimental
run. A summary of results for all the flow decay tests conducted in this pro-
gram is given in Tables III, IV, 'and V. The test conditions for the runs are
given along the side and top of each table and are for the most part self-
explanatory. Co differentiate between filters having the same pore size but
different filter areas, the letter "fill or 'SPI is added to the pore size
rating. The temperatures listed are nominal values; the actual values for
each run are given in Appendix A.

Each box in these tables contains information about the tests chat were run
under the conditions represented by the values of the seven independent
variables corresponding to that particular box. The first number (or group
of numbers) in each box is the test run number(s) . The second entry is a
simplified indication of whether or not that particular run produced flow
decay. The word "yes" indicates that the values of X and Y were high enough
to indicate that flow decay occurred (i.e., to reject the hypothesis that
X and Y are equal to zero) at the 90 percent level of confidence. The
error analysis and estimated standard deviation of X and Y as outlined in
the Analysis of Experimental Error section were used to establish the accep-
tance region for the above test at the 90 ptrcent level of confidence. The
word "no" is given as the second entry in a L~ox if the value of Y is low
enough to indicate that no significant flcw dei-ay occurred (for this purpose,
the minimum level of significant flow decay was defined to be Y v .OS %/mnin)
at the 90 percent level of confidence. The abbreviation "Unr"' is given if
the values of X and Y do not permit placing the result in one of the first
two categories. The third entry in each box is the value (or range of
values) or Y, in *1mi. In some instances, where two or more runs were made
under a given set of test conditions, some runs did and other runs did not
exhibit flow decay. In these instances, the table box is divided into two
or three sections and the appropriate information is givenl for each group
of tests in the format described above.

* There are many observations that can be made and conclusions that can be
drawn from Tables III, IV, and V. Many of these are incorporated in the con-

* clusions and discussions of the effects of the independent variables, which
* are given in the remaining sections of this report. However, several re-

sults should be noted at this point, including the following. There were
no cases of validated flow decay with filters as coarse as 41)-micron.
(This was also true for SO-mesh.) There were five runs (numbers 1, 3, 4,
10, and 167) in which the results, considered without the other experimental
results, would indicate valid flow decay. However, in each of these cases,
there are other, more compelling reasons to conclude that true flow decay
will not occur under those conditions. For each of these five anomalous
runs. there are imuch larger numbers of data nointc at the cnimp cnrldtnc~

* ~(and others with, e.g., higher temperature drops and, smaller filter pore
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sizes) for v:hich flow decay was not present. Therefore, it is judged valid
to conclude that flow decay will not occur under any of the conditions tested
with filters of nominal pore size at least as large as 40 microns.

There are other trends that can be observed merely from examination of these
tables. The incidence of flow decay (and the rate of decay) is increased
by increasing the temperature drop and by decreasing the filter pore size.
Although some additional trends may be suspected from examination of these
tables, caution should be exercised since the situation is more complex than
it may appear at fiist. There are other independent variables that are not
explicitly listed in Tables III through V. These include initial flowrate
(which was measured, but is not shown in these tables) and the "history
parameter," V, which expresses the total amount of propellant per unit filter
area which has passed through the filter. Another complexity arises because
there appear to be many interactions among the various independent variables.

Part of the project was devoted to going beyond the yes-no level of informa-
tion about the incidence of flow decay, and to perform correlations to es-
tablish at least a preliminary basis for representihg the amount of flow de-
cay that occurred under various experimental conditions. Because of the
large number of independent variables and complexity of the flow decay phen-
omenon, it was necessary to rely on other statistical plus multiple regres-
sion analyses. These are described in the next section.

MULTIPLE REGRESSION ANALYSIq

Multiple regression techniques were used to analyze the data. This type of
analysis provides - -onvenient tool to determine if various independent
variables have a it effect on the outcome of a test. This tech-
nique is also va' Jetecting cross effects or interactions between
the independent In particular, a step-wise multiple regression

* was performed, in r.rious combinations of the independent variables
were allowed in the . * .ssion, and selections were made to delete variables
"that were of low value in the regression and to add (or retain) variables
that were of high value (i.e., contributed significantly to reducing the re-
sidual sum cf squares).

To provide some guidance for the regression analyses, theoretical analyses
were made of the physical processes that may be occurring during flow decay.
However, since the actual complex mechanisms of flow decay are only partly
understood, and are generally not very amenable to analysis, it was necessary
to perform most of the regression efforts in an empirical manner. Approxi-
mately 100 sets of step-wise multiple regression analyses were made; each
case comprised a series of approximately 5 to 50 steps in which various com-
binations of the independent variables were permitted.

The nine primary independent variables considered in the regressions were:
Re/nolds number (Re); nominal filter pore size (D); temperature drop (AT);
initial temperature (T ); the average flowrate per unit filter area (Q/A);
thp hni-,tory nran-tr a Ve whtah pasd----- t-- ----- o- --1--t ^np andper unit filter area that passed through the filter during the run; andthree 2-level parameters. The 2-level parameters were: (1) the type of
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N204 (green or red-brown), (2) whether or not the propellant was doped with
a small amount of iron pentacarbonyl to ensure saturation or was tested as-
received, and (3) whether the tenperature drop was imposed rapidly (during
flow) or slowly (over approximately 2 days). The two possible levels for
each of these three parameters were assigned values +1 and -1, respectively,
for use in the regression analyses. In addition to these nine primary in-
dependent variables, a large number of combinations of these variables were
also allowed as possible independent variables.

Regression analyses were made for the total set of test data and for many
partitioned subsets of the data. There are over 1,000,000 combinations of
the nine primary variables with the nominal number of levels tested for each
during this program. Therefore, it can be readily seen that it was impor-
tant to examine the data, where possible, for subsets in which there are
fewer independent variables and hence, fewer possible combinations of condi-
tions. The subsets included such groupings as" all runs for which there
was significant flow decay; all runs with green N2 04 for which there was
significant flow decay; all runs with green N2 04 , tested as-received, sub-
jected to a rapid temperature drop; etc. The multiple regression results for
the subsets were more useful than those for the total set of data in deducing
effects and interactions of the independent variables.

To demonstrate the ability of multiple regression analysis techniques to
extract information from complex data, the following simple example from the
multiple regression analyses performed during this project is discussed in
some detail. Several analyses were performed for a partitioned subset of
the test data consisting of Runs 120 through 128 and 130 through 134. For
these runs, the filter pore size and initial temperature were held constant
at SP and 50 F, respectively. Moreover, the propellant for all runs was
red-brown N204 , saturated with respect to iron, and was cooled rapidly. The
only parameters that were allowed to vary were AT, V, Q/A, and To. It had
been found from previous analyses that inclusion of Re did not improve the
regression as compared with the use of Q/A and D alone. For these particular
runs, V and Q/A were highly correlated and therefore V was also dropped as
an independent variable. It then follows that the rate of flow decay, Y,
is some function of only AT and Q/A plus experimental error. Typically in a
regression analysis, it is assumed that the dependent variable (or some
transformation of it) is normally distributed with constant variance but
with mean depending on the independent variables, i.e.,

2
E(Y) = f(AT, Q/A) var(Y) = a (19)

where E = expectation and var m variance. Assuming that f is reasonably
well behavod, it can be approximated by an expansion about nominal values
of AT and Q/A. In this case, the expansion to be considered i,ý

f(AT, Q/A) = a1 + a2 AT + a 3 (Q/A - 1.5) + a4 AT(Q/A - 1.5) (20)

The ai are the unknown regression coefficients and are to be estimated using
the standard least squares criterion. Under the model assunctions given.
these estimates will be optimum ii, the sense that they have minimum mean
squared error loss among all possible invariant estimates ('.hose estimates
invariant under change of scale or location of origin). They are also mini-
mum variance estimates among all unbiased ones.
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Equation 20 car be used for several purposes. First of all, the hypothesis

It a. =0S0 I

can easily be tested against the alternatives

H : a. 1 0, H2: a. > 0, it a. < 0V i 2 3

using the standard F-statistic. The confidence at which this hypothesis can
be rejected gives a measure of the confidence with which it can be concluded
that the parameter for which a. is a coefficient has an effect upon flow
decay. The sign of the estimate of a. gives the indication of the direction
of this effect. 1

From the regression analysis, the estimates of the coefficients a,, a 2 , a 3 ,
a4 are 0.12, 0.025, 0.093, and -0.003 respectively. The coefficient a 2 is
considered to represent the main effect of the variable AT (defined here as
the slope of the regression curve at the nominal values of AT and Q/A).
Since a 2 > 0, the regression equation predicts that a temperature droj will
tend to enhance flow decay. The standard deviation of this estimate is
given as 0.013. Thus, it can be said that this effect is real, with a high
degree of confidence; in fact, the hypothesis that a2 = 0 can be rejected
at a 92 percent confidence level. Similarly, the value of a 3 as 0.093 in-
dicates that (for AT . 0) the effect of Q/A is to enhance flow decay. The
confidence with which a 3 = 0 can be rejected is again quite high (93 percent).

In this example, a cross effect between AT and Q/A was allowed through in-
clusion of the term a 4 AT(Q/A - 1.5). The value of -0.003 for a4 indicates
that the effect of AT is decreased as Q/A is increased. This follows from
the fact that

S3ýy
ET am + a4 (Q/A - 1.5)

0.025 - 0.003 (Q/A - 1.5) (21)

Similarly, the effect of Q/A is decreased as AT is increased. The standard
deviation of a4 is 0.008. The hypothesis that a 4 = 0 can be rejected only
at a 28 percent level of confidence. This is quite low; therefore, caution
should be exercised in drawing any general conclusions ccncerning the ex-
istence of the negative cross effect between AT and Q/A.

A plot of the data points and regression curve predictions for this case:" ~is given in Fig. 4. The positive Q/A effect for any given AT is seen by
noting that the family of curves all have a positive slope. The positive
AT effect is seen by noting that each curve in the family has a higher AT
indexing it than the one immediately below it. Finally, the small cross ef-
fect between LT and the Q/A variable is evidenced by the changing slope of

L the three curves plotted.

Results of several of the more useful multiple regression analysis cases for
partitioned subsets of the data are Riven in Tables VI and VII. The casef" numbers given in these tables do not mean that these were the first eight

analysis cases that were run.
21
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For a given case, a single entry in a column of Table VI indicates that the
variable in that column was held fixed at the value shown for all tests in-
cluded in that subset. (Conversely, all test data for the specified condi-
tions were included in the subset.) If three numbers are given, this indi-
cates that the variable was included in the set of independent variables. The
top entry is the estimate of the regression coefficient, the second is the
estimate of its standard deviation, and the third is the level of confidence
at which the hypothesis can be rejected that the regression coefficient is
zero. For example, in Case 5, the estimate of the regression coefficient for

the variable GB is 0.41, its standard deviation is 0.07, and there is 99.9
percent confidence that this coefficient is not zero.

The value of a given coefficient can be interpreted as the effect of the
independent variable which it representi. More precisely, the effect is
the slope of the regression curve evaluated at the nominal values D = 7
microns, AT = 15 F, T = 75 F, GB = 0, SAT = 0, RL = 0, V = 15 gal/sq in.,
and Q/A = 1.5 gal/min-sq in. (except for Case 2 for which the nominal AT
value used was zero). In some instances, there is an extra term added to
the coefficient. For example, the coefficient for AT, Case 5, is given as
0.020 -0.008 GB. This is to be interpreted as (0.020 - 0.008) = 0.012
for green N2 04 and (0.020 + 0.008) = 0.028 for brown N2 04 . ,he estimate of
the standard deviation and confidence level apply to the 0.020 portion
only. Evaluation of the standard deviation corresponding to the values
0.012 and 0.028 would involre an expression requiring the variances and
covariances of the AT and AT • GB terms, that is

a2= 2 + a + 2cov(al, a3) (22)

where al is the coefficient of AT, a 2 is the coefficient of AT for GB = 1,
and a is the coefficient of iT. GB. These computations were not per-
formed, in general.

The conclusions that were drawn from all of the regression analyses are dis-
cussed in the final subsection, Effects of Independent Variables, which fol-
lows the considerations of threshold effects.

r

THRESHOLD EFFECTS
f

It has been observed that there often appears to be a "threshold" effect
for flow decay i.e., an identifiable boundary between a range of the varia-
bles for which no flow decay occurs and a range for which flow decay occurs
in varying amounts. Such thresholds are probably not sharp, and certainly
depend on the interactions of the indeperdent variables. Investigations
of threshold effects were made during this program. Descriptions of gen-
eral threshold behavior, techniques for deducing threshold values from the
experimental data, and examples of threshold effects are described in this
subsection.

The experimental model assum.ed in Ea. 19 s capable of describing a broad
range of real situations. its application, however, depends upon the
ability to characterize the functional form of E(Y) in terms of parameters
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a

(regression coefficients), which can be estimated from the data. In
the present situation, however, very little is known from physical grounds
concerning the behavior of flow decay as a function of the various inde-
pendent variables that have been defined. In the example presented in
the Multiple Regression Analyses subsection, it was assumed that f is an
analytic function of its variables and hence can be approximated by a trun-
cation of a generalized Taylor's series expansion about the nominal values
of those independent variables. This expansion was assumed to be valid

* only in a region where there was positive flow decay. The reason for this
Srestriction is due to the possible threshold effect for flow decay. If

Y is used as the dependent variable denoting flow decay, v = (vI,...'v
denotes the vector of test conditions and c denotes the region of n-space
for which there is positive flow decay, then the threshold that is being
discussed is the boundary of c. In particular, the expectation of Y,
called f in Eq. 19, can be written as

0 v0 CcC

f~v) = (23)
Ig(v-) v-E c

in which g is a positive function and c' is the complement of c. The test
data appear to bear out the existence of the region C (region of no flow

decay) and hence Eq. 23 is probably an accurate description. Clearly, f
cannot be approximated by a series expansion for all ý because it is not
analytic. However, it is assumed to be continuous. This continuity assumnp-
tion makes it possible to estimate the boundary of c from estimates of g
by finding those v such that g('v) = 0, thus the boundary of c, ac, is given
by

ac = {V-lg(;) = 0} (24)

It is actually the function g that is being approximated by a truncated
series expansion. The coefficients of this axpansion are estimated in the
regression analysis previously discussed. Since g is only defined on c,
those points not in c must be deleted from the regression analysis. The

* problem here, however, is that the boundary of c is not known a priori;
, therefore, it is difficult to decide on the basis of the value of a partic-

ular v whether or not that data point should be deleted from the regression
analysis. The problem is circumvented by using only those points for which
there is probable true flow decay (i.e., Y > 0 at a specified level of con-
fidence) and hence it is probable that v e c (i.e., v is a member of the! set c).

Two examples of this threshold phenomenon are described. The first is Case
S in Table VI. For this case, the initial propellant temperature was held
fixed at 7S F; the N70 4 was saturated and cooled rapidly. These restric-
tions leave 14 of the original 26 data points in this case. Of these, 2
had a filter diameter of 10 microns; the remainder had a 5-micron filter.
It therefore seems useful to analyze the case for D = 5 microns because
this is where the highest confidence in the estimated regression curve
can be placed. The following variable, are left to vary: temperature
drop (6,), history parameter (VJ, and average flow per filter area (Q/A).
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The regression equation for Case S thus reduces to

Y = 9.035 + 0.0228 (AT - .15) + 0.0008 (AT - 15)2 0.02S0 (V - IS)

+ 1.526 (Q/A - l.S) - 0.0010 (AT - 15) (V - 15)

+ 0.0176 (AT - 15) (Q/A - I..) (25)

where U is set equal to S microns and GB is set equal to I (i.e., green
N2 04 ). Those values of AT, V, and Q/A for which Y in Eq. 25 is zero will

7 thus approximate a portion of the boundary of c when the variables take on
the previously prescribed values.

In practice, however, this approximation is only valid when Eq. 25 repre-
sents a reasonably good fit of the data. Further, since the values of AT,
V, and Q/A for which Y is zero will lie outside the region for which data
was used to estimate the coeffizients of Eq. 25, then extrapolation errors
may be introduced. These will be' minimized for those cases in which the
data used are "close" to the threshold. This appears to be the case for
the present example.

Figure 5 is a plot of those data points used to estimate the regi-ession
curve for which the N20 4 was green and the filter diameter was 5 microns.
Further, only those points for which AT was less than or equal to 20 F
are displayed. Also shown are representatives of the regression equations.
To avoid constructing i four-dimensional graph (Y = f(AT, V, Q/A)), the
following mechanism was used to plot Y:

, 1. The vertical axis is the rate of flow decay, Y

2. The horizontal axis is the average flow per filter area, Q/A

3. The family of curves is indexed by the temperature drop, AT

4. The history parameter was mapped onto the Q/A coordinate through
linear or quadratic mappings

Step 4 may require further comment. The line for AT 0 0, e.g., is the re-
gression line which would ideally pass through both AT = 0 data points
(triangles) in the case of a perfect curve fit. The lower AT = 0 point has
associated with it a V of 10.0 and a Q/A of 0.88. The upper point has a
value of V = 26.5 and a value of Q/A = 2.01. The straight line in the V,
Q/A plane given by

. V = 10.0 + 14.6 (Q/A- 0.88)

- passes through these two points. The straight line labeled AT = 0 in
Fig. S is then obtained by substituting Eq. 26 into Eq. 25 as well as
setting AT = 0 in Eq. 25. The result is a linear relationship between Y and
Q/A. Equivalently, the AT = 0 curve in Fig. S may be thought of as a pro-
jection onto the Y, Q/A plane of a line on the regression surface in the
three-dimensioral space (Y, V, Q/A) (see Fig. 6). This line on the regres-
sion surface (line AC in Fig. 6) connects the two points which are given by
thp rri-e cinn ctrimateq nf thb, lnwor And tipmAr AT = ( pnirts (pnintc

and b in Fig. 6). In general, there are an infinite number of lines con-
necting these two points ard which lie on the regression surface. The one
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chosen here is that which projects as a straight line onto the V, Q/A plane
(line AB in Fig. 6).

The line plotted in the V, Q/A plane (line DE in Fig. 6) can I, seen to in-
tercept Y = 0 for Q/A near 0.75. This intercept is the threshold value of
Q/A predicted by the regression surface for V = 7.7. It can thus be seen
that the plotting procedure used for Fig. 5 will depict thresholds for Q/A.
The information not represented in Fig. 5 is the value of V at which these
Q/A thresholds lie.

* The AT = 5 curve has three data points associated with it. These three points
determine a quadratic relationship between V and Q/A. The AT = 10 curve
again uses a linear transformation. For AT - 20, there are three points and
hence a quadratic function would suffice. However, it was easier to picture
the regression curves by using two separate linear mappings. The (a) curve
is meant to approximate the AT = 20 points (diamonds) at Y = 0.36 and Y = 1.35,
while the (b) curve approximates those at Y = 0.10 and Y = 1.35.

Admittedly, this procedure of graphing the data and regression curves in two-
dimensions is somewhat artificial. However, it does serve two extremely
important functions. First, it shows that the data are reasonably well fit
by the multip'-ý regression equation (Eq. 25). Secondly, it provides a
visual check on how well an extrapolation of the regression curve to zero
might truly represent the thresholds of the independent variables.

Figure 7 represents the functional relationships between AT, V, and Q/A at
the threshold. These are found by setting Y - 0 in Eq. 25. It can be seen
that, for each given V, QiA is nearly a monotonically decreasing function of
AT. Conversely, for each V, AT is a decreasing function of Q/A. That is,
as the flow ptr filter area is increased, it is necessary to go to to smaller
temperature drops to avoid flow decay. The lack of pure monotonicity may be
due to a modelling error in not defining the exact types of interactions
possible. Nevertheless, the goodness of fit depicted in Fig. 5 indicates
that the thresholds presented in Fig. 7 are reasonable approximations.

Case 1 in Table VI is considered for a second example of the threshold phen-
omenon for N2 04 flow decay, as predicted by a regression curve. Attention
is restricted to that subset of the data used in Case 1 that employed a
rapid cooldown for the temperature drop. Figure 8 is a graph of these data
as well as the regression surface given in fable VII, and evaluated for
rapid cooldown.

Plane ABCD is a three-dimensional representation of this regression equa-
tion, giving flow decay Y, as a function of V and Q/A. In the group of
:-uns used for this case, the following variables did not vary: AT = 20 F,
To = 75 F, D = 5 micron, and use of as-received (ASIS) brown N204. Line
BC lies in the plane of the V and Q/A axes and represents the intersection
Qf the regression plane with the Y = 0 plane. Similarly, lines AL and CD
lie in the planes formed by the V and Y axes and the Q/A and Y axes, re-
spectively, and represent the intersections of the regression plane with
these planes. Although the plane formed by the regression curve is shown
in Fig. 8 as ABCD, the plane extends beyond AD.
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The regression equation predicts that no flow decay will occur if the data
point has V, Q/A coordinates that fall between line BC and the origin of the
axes. These values of V, Q/A are below the threshold where the regression
"curve prediLts flow decay. All other positive values of V and Q/A are at
or above the threshold values and therefore flow decay would be expected.

"EFFECTS OF INDEPENDENT VARIABLES

There are a number of trends and effects of the independent variables (all
I- of which represent or are derived directly from the test conditions) whichcan be deduced from the test data and the results of the regression analy-

ses performed on the data. The major effects are discussed in this sub-
section. The reader should continually keep in mind that extreme caution
must be taken in extrapolating any effects and trends to different flow
situations and conditions. The flow decay phenomenon is very complex and
is affected by a large number of independent variables. The complexity
is increased by the substantial interaction effects between the variables.

It is readily apparent that the effect of the parameter AT is, in general,
positive. That is, flow decay is increased as the temperature drop as in-
creased. This conclusion follows, e.g., from regression Cases 2, 5, and 7
(Table V'" for which the estimate of the AT coefficient is more than two
standard devi.tLions from zero. Case 4 also lends credence to this conjec-
ture of a positive AT effect although the confidence level is only 0.62.
The negative coefficients for Cases 3 and 8 are not significant because they
fall well within the range of estimated errors. Case 6 is a little more
subtle. The data indicate that the slope is positive (0.002 + 0.011 = 0.013)
for saturated conditions, while negative (0.002 - 0.011 = -0'.009) for un-
saturated conditions. If the standard deviation of the -0.009 estimate is
computed, however, it is found to be 0.01. Thus, again, the negative coef-
ficient could be attributed to data scatter. Conversely, the positive coef-
ficients of Cases 2, 5, and 7 cannot be attributed to data scatter and
"hence the conjecture of a positive AT effect is upheld.

The filter pore size effect or the other hand is generally negative, mean-
r ing that flow decay is decreased as the pore size of the filter is in-

creased. This conclusion follows from Cases 5, 7, and 8 for which the
hypothesis that the diameter coefficient is zero can be rejected with 0.98,
"0.83, and 0.28 levels of confidence, respectively. Admittedly, the 0.28
level is very low but the trend is still apparent.

A possible anomaly in the effect oi: D may appear from close examination of
Case 5. The estimate of the diameter effect for green N204 is -0.061 '
-0.063 = -0.124, while for brown N204 it is -0.061 + 0.063 = 0.002. The
standard deviations of these estimates are 0.04 and 0.016, respectively.Cases 7 and 8 on the other hand give estimates of -0.046 and -0.023 for the
D coefficient for brown and green N204 , respectively. It is iossible that
the differences between these cases could be attributed to chance. How-
ever, it is more probable that the apparent anomaly is due to a modelling
error. For example, there may be some cross effects due to the initial tem-

a r 7 ana A w-re q psqmninq that there were none-
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This could account for a difference since To 75 F ior Case 5 while Cases 7
and 8 included data with various initial temperatures. Moreover, this argu-
ment is not limited to temperature although this is the only parameter that
was held constant in Case 5 and allowed to vary in Cases 7 and 8. Cross ef-
fects between D and V or D and Q/A could also be present, causing biases to
be introduced since the values for V and Q/A varied over somewhat different
ranges among the different cases.

When the N204 is green, the data indicate that the effect of the filter his-
tory parameter, V, is generally negative (i.e., the rate of flow dtcay de-
creases as the total amount of propellant which has passed through the fil-ter is increased). In particular, Cases 3 and 6 show this effect with high
confidence levels (0.99 and 0.84, respectively). Case 8 lends supporting
evidence with a 0.67 level of confidence. Case S also indicates a negative
V effect when no-cross effects between V and GB are assumed. However, it is
apparent from studying the brown N204 runs that there is a cross effect. In
fact, Cases 4 and 7 indicate that the effect of parameter may be zero; both
compute V coefficients well within 0/4 of zero. Case 1, on the other hand,
indicates a significant positive effect for V when the N204 is brown and
tested as received. This case must be considered cautiously, since it is
based on a small number of data points and small errors in model assumptions
can have a large effect.

In general, however, the investigations concerning the effect of V show that
there is a definite change in the behavior of flow decay depending on whether
green or brown X.04 is bcing considcred. Case 5 indicates that green N 04
enhances flow decay because the GB coefficient is positive. However, this
result must be scrutinized more carefully. It should be recalled that all
the slopes were computed at specified nominal values (the mean values for the
entire set of test data) of AT, Q/A, V, etc. This normalizing was done to
make it possible to compare the different cases directly. The problem is
that although these are nominal values for the entire data set, they may be
atypical for a particular subset. The result is that when cross effects
between the variables are assumed, the main effects become essentially an
extrapolation of the data from its own nominal value to that of the prespeci-
fied ones. This may not cause any problems if the cross effects are small,
but if they are large, erroneous results might be computed. This may be the
situation for Case S. A large cross effect is computed between GB and Q/A;
the coefficient of GB (Q/A - 1.5) is 1.09. For this particular data set,
the average value of Q/A is 1.1 and not 1.5 (the mean value for the total
data set). Therefore, at the average Q/A, the effect of GB is 0.41 + 1.09
(1.1 - 1.5) = -0.025. The large coefficient for GB at Q/A - 1.5 may be the
result of an extrapolation error in going from Q/A = 1.1 to Q/A = 1.5. The
general trend at the nominal value of this data set is really negative. This
negative effect means that green N2 04 experienced less flow decay than brown
N2 04 . This conclusion is further substantiated by direct comparisons between
sets of test data for which the only difference in the nine basic independent
variables considered was between green and red-brown N2 04 .

In any case, it is certainly apparent that the GB variable has a large effect
on the nther vwriahle'. In essenne; this meanq thait the flow deray pnhenm-
enon behaves differently depending on whether green or brown N204 is used.
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As another example, the effect of the temperature parameter also appears to
be mixed depending upon whether or not green or brown N2 04 is used. For
green N204 , Case 3 indicates a positive To effect (with an estimated value of
0.005 for the coefficient and 0.53 confidence level of a non-zero coeffi-
cient). For brown N204 , Case 4 predicts a negative effect with a -0.0026
estimate and a 0.47 confidence level. Because of these relatively low con-
fidence levels, these trends should be considered with caution. Cases 7
and 8, on the other hand, predict the same trends for the To parameter but
at higher confidence levels (-0.019 at 0.999 for brown N204 and +0.013 at
0.71 for green N2 04 ).

The iron saturation parameter appears to have a positive effect on flow de-
cay for green N2 04 . Case 6 substantiates this by estimating 0.40 for the
coefficient of SAT and giving a 0.87 confidence level that this coefficient
is not zero. For brown N2 04 , it is only possible to make indirect compari-
sons between as-received and doped propellant. Regression Case 1 (brown
N2 04 tested as received) gives a constant term of 0.81. This term is the
flow decay predicted by the regression curve at the nominal values of
V = 15, Q/A = 1.5, and RL = 0 (i.e., i-epresenting an average of the +1 and
-1 values assigned to green and brown N20 4 , respectively).

Case 7 considers brown, saturated N2 04 . The regression curve predicts a
value of Y = 1.01, when evaluated at the nominal parameter values specified
by Case 1 (i.e., D = 5 microns, AT = 20 F, To = 7S F, V = 15 gal./sq in.,
Q/A = 1.S gal./min-sq in.). Thus, there appears to be a net positive effect
for the saturation parameter for brown N2 04 as well as green N2 04 . Case 4
might also be used to get a further estimate of the saturation parameter for
brown N2 04 . The problem here is that Case 4 holds the diameter fixed at 10
microns, while Case 1 holds it fixed at 5 microns, and there is no direct es-
timate of the effect of thiF diameter difference for these two cases.

The regression curves indicate that the cooling rate parameter enhances flow
decay. However, this effect is predicted only at very low confidence levels
(Case 1 predicts a 0.003 coefficient and a 0.07 confidence level; Case 4
pred~cts a 0.12 coefficient and a 0.39 confidence level). These low levels
are at least partly due to the fact that most of the runs with long cooldowns
did not exhibit any significant flow decay; very few long cooldown runs with
significant rates of flow decay were available for use in the regression
analyses.

The last main independent variable that remains to be considered is the flow
parameter Q/A. The effect of this parameter is generally positive (i.e.,
increasing Q/A increases flow decay). For- green N204 , Cases 2, 3, S, and 6

Spredict this effect with the very high confidence levels of 0.93, 0.97,
0.999, and 0.99, respectively. Case 8 predicts the same effe't at a 0.60
level. For brown N204 , the data are more mixed. Case 1 predicts a positive
effect for rapidly cooled N204 . This estimate is 0.88 with a standard de-
viation of 0.65. The estimate when a long cooldown is used is -0.50 with
a standard deviation of 0.45. However, the results for this case are quite
tenuL)us because of the small number of long cooldown tests for which flow

cross effect.
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A deviation of just one of the long cooldown points could have a very large
Seffect on the predicted equation. Thus, modelling errors, e.g., not being

able to identify all of the independent variables, could have a disastrous
effect in this particular case.

Case 4 predicts a negative Q/A effect for brown-N20 4 . Again, this is only
at a relatively low level of confidence (0.55). The only high confidence
level for the Q/A coefficient for brown N2 04 is given in Case 7. Here the
estimate of the coefficient is 0.62 with a level of confidence that it is
not zero of 0.99.
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CONCLUSIONS AND RECOIMENDATIONS

Flow decay is a very complex phenomenon. There are many independent variables
that affect the incidence and amount of flow decay. The effects of these para-
meters are generally not simple or independent of each other; they exhibit many
interactions. In addition, there are often threshold effects for flow decay (i.e.,
an identifiable boundary between a range of variables for which no flow decay oc-
curs and a range for which flow decay occurs in varying amounts). These thres-
holds are not sharp, and further depend upon the interactions of the independent
variables.

A number of major effects of parameters on flow decay are outlined in the follow-
ing paragraphs. The reader should keep in mind the complex nature of flow decay,
and that these are only intended to be interim conclusions. Extrcme caution must
be taken in extrapolating effects and trends to different flow siluations and
conditions.

Increasing the filter pore size has a significant effect in preventing or reducing
flow decay. It appears that flow decay will not occur, under the conditions
tested during this program, with filters with nominal pore size at least as large
as 40 microns. There were a few tests that might appear to be exceptions to this
generalization, however, they are judged to be outliers. Decreasing the filter
pore size, below its threshold, increases the rate of flow decay.

Keeping the temperature drop (from the initial propellant temperature) as small
as possible is another important factor in preventing or minimizing flow decay.
However, some cases of flow decay were observed with no temperature drop. There
is often a non-zero temperature drop threshold below which no flow decay occurs.
The amount or rate of flow decay increases as the teiarerature drop is increased
above its threshold value. In some ranges of conditions, there is approximately
a linear relationship between rate of flow decay and the temperature drop.

Decreasing the local velocity through the screen decreases the amount of flow de-
cay, at least over the range tested during this program. The actual velocity-
related parameter considered was Q/A, for which the range of values was about 0.7
to 4.7 gal/min-sq in. There appear to be strong interactions between Q/A and
many of the other independent variables. Use of a filter Reynolds Number was not
particularly advantageous in the data correlation efforts.

* Comparisons between green and red-brown N 0 were not without complications.
There appeared to be a number of sizable Oilferences in the effects of other vari-
ables between the two types of propellant, especially in the effects of Q/A, ini-
tial temperature, and the history parameter V. However, direct comparisons
between sets of test data for matched conditions (i.e., sets for which the only
difference in the nine basic independent variables considered was between green
or red-brown N 04) indicate that the green N 0 tested exhibited somewhat lower
rates of flow decay than did the red-brown N2 A tested.

Rapid temperature drops (during flow) seem to cause somewhat more flow decay than
occurs with the same temperature drop imposed slowly over a period of approximately
2 days. However, this effect was less important than the effects of such
variables as T, D, and Q/A (all symbols are defined in the Nomenclature section).
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The effect of initial temperature was less consistent between differing types of
N,0 4 when the propellants were doped with iron pentacarbonyl to ensure saturation.
With green N10 4 , increasing TO increased flow decay, while the opposite trend was
observed witA red-brown N0O4 .

There was some difference between the amount of flrw decav for the as-received
propellants and for the propellants doped with a small amount (one saturation
dose) of iron pentacarbonyl to ensure iron saturation. The differences seemed to
be regular and more a matter of degree than substantive differences in type of
flow decay behavior. Therefore, the data for doped N2 04 represent slightly con-
servative results as applied to the particular nitrogen tctroxide propellants that
were used in the testing.

In addition to these general effects of the test conditions, more detailed infor-
mation is contained in the bod;-. of this report which will be of value to indivi-
duals evaluating the potential of flow decay in operational nitrogen tetroxide
systems. The following purtions of the report should be particularly examined
for this purpose: Tables IIl through VII and Fig. 4 through 8, the text accom-
panying these tables anH figures, and Appendix A. For example, a user could
select from these test results those which match closely the conditions for a
system being considered; then, use the results and trerds for those data to help
in evaluating the flow decay potential for the application of interest.

This program was intended to be the initial step in a systematic engineering
parametric study to establish the necessary engineering criteria for predicting

flow decay in operational N204 systems. Although many complexities were en-
countered in this initial step, it was p3ssible to develop experimental tech-
niques and data analysis techniques to give statistically reproducible N2 04 flow
decay data, and to deduce from the data the gross effects of major parameters.
It is recommended that these efforts be continued to complete the systematic engi-
neering parametric study. Subsequent efforts would build upon the results of

this program and culminate in a design guide for predicting the occurrence or
absence of flow decay and establishing design and system management criteria to
avoid this problem.

The tests during this program were intended to investigate gross effects of those
paia,,eters that were expected to have the greatest influence on N204 flow decay.

lite recommended future tests woulc extend the work to delimit more precisely the
ranges of these operating and design parameters under which flow decay will and
will not occur, determine the effects of additional parameters (e.g., concentra-
tions of NO, H2 0, and other impurities in -he N2 04 , plus other types of flow
constrictions), and investigate more thoroughly the interactions between various
parameters. Completion of this systematic engineering stud), would form the basis
for engineering control of this potential systm failure mode by defining required
system design criteria and/or system management concepts to avoid flow decay.

I
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APPENDIX: COMPUTER PRINTOUTS OF DERIVED RESULTS

The computer output given in this appendix lists for each test run values of
several derived parameters for each of the possible pairings of the data
points taken from the recorder traces. The particular data points are in-
dicated by the two time values shown in the second column. The third and
fourth columns list values of X and Y (defined, with other symbols, in the
text and in the Nomenclature section). The fifth column lists.values of W
for each of the time values given in the second column. The abbreviated
labels near the right side of the table give, in this order: (1) type of
N2 04 ("B" for red-brown and "G" for green), (2) saturated ("S") with iron or
tested as received (left blank), (3) cooled rapidly ("R") or over a long
time ("L"), (4) the filter size (normal pore size in microns, followed by
"F" or "H" to distinguish different filter areas; generally, the filters
marked "H" had roughly one-half the area oi filters marked "F", although
actual areas were used in all calculations), (5) the initial temperature,
and (6) the temperature drop. For Runs 1-38 ane 160-165 calibration tests
were not made for the clean filters. Consequently, wl, w2, Z, and I/L are
not defined. This fact is indicated by the abbreviation "N/A" in the appro-
priate locations in the tables.

I

I
7_I

J



RLIK TI /T2 lOOX MOY lO~u 1/10042 1OUzv i/L RE milrC0419 TO DTM; JHIM I; M' ( (%7N1) (AL/IT2) (GAL/¶12 JILTER (1 1

2 2-.,Vl . .O4W .() 1/ /A1/A 117.3
i ý/Il.5 -0.&?M -0153 .1/11 IV'A VA. LI I/ A 116.?

<./ J.u )JU . Iu - /n/A V 4/A /i A ?I%.

-1/21 073. W~zJ A VA VIfl A 50 f/ 1)~ I.F 74 *I-*/ J-1 0.744 0.124 V/;. j/ 1A j 3 VfA 127.3b- v1/ 3. 1 0. 3-C) J. 321 i/A V 4A iA VA 1?X-.)I

0 1./ LYa -0. ?31 -0.0&1 W/A / I/A V/ A Vf/A 24.2 R tF 5~(Y.3 3.1 -U.210 -0. Oi$0 I/ A 4 'IA *V 1?F 7/ 245

-j J-.i/31 0.071 J. )26 1/A/VA. V A k 2/ & 237
bo 020 0-O? WA/ I/A '/ '-/ A 1?A.6; ? R r4 75 CU/ -1-6 '-0-7 V / '1/A 41/A 11 V/A 129.7U~ z./ -)-4 -1.277 -0. DO T/ A / V,/A 'I/A 6 "I/A 126,7

? 11- /10 -1.4.3b -U.14.3 I/A / "I/A q/A 115 /A 20.9 P P 401F 74 0
i ... Vi1.u -1.7?44 -0.,174 1/ A 1/ kV 'VA 12 1/ A 112.9 '. P 501 74 o
S ./42P 0-M2 0.0-44 Vf/A / I/A IVA 4 'f/A 19.4 P q 40'F 74 0S1-4 '. 0,62 0.101 I/A I/ A V/A 9 '1/A t9. 3y 9 4.2/ 7.6 C% 5? 0 149) ViA! /WA ViA 5 WA. 1,).1i

*10 1.0/ 4.2 -0.524 '-0.164 V/A / Ni/A VlA 4 I/A 111.1 R Wp ~ 74 010 1-(Y 7.3 0.9i3 0.145 V/A / R/A N/A a N/A 109*.510 4.2/ ?.3 1-4i09 06417 I/A / WiA VfA 4 NI/A l(B.9

-1- 1.f4 -0(.01 OL 0-.009 ViA/ N/A N/A 2 NI/A 14.9 R R 4OF 74 0
l.2& 6.2 -0.40)3 -0.(iBl VIA / ViA Ni/A 5 R/A 14.8~3-4V 6.2 -0-,M,3 -0.15? 'I/A / ViA N/A 3 V/A 14.7

II 1 1-21 Lu 4 -0. Z?9 -0. 12? N/A /t/A V/A 2 N/A 934.1 R R F 74 012 1.21 6.6 -2.Z)2W -0.425 W/A / V/A M/A 5 P1/A 93.9I 12 3- V 6.6 -2.012 0OE2 N/A / H/A Ni/A 3 Ni/A 93.5

%A. IVA. - - ~ -'.I N/ I /A N/A 8 N/A 1&.3 P R 40F 74 I2013 2-2/16.6 -0.645 -0.059 1/A /N/A NIA 15 P1/A 13.213 9.&'16.eý *-o0736 -0.112 'I/A / 1/A Ni/A 7 P1/A 13.0
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I

RUN TIM7O 1001 iOY 10401/1O(C2 100IZ 1 / RE 11Cd-11e c0 J)T
N• (IMI (•1 'Jr•tl| (• (•L 1l; (AL/IiN21 (GAL/IV2) RLT]ER (Fil ('

14 2.3/10-0 -0- 6W -0-.(37 N/A! / IA 41A ? N/A 81.0 TA P 5)IF 74 20

14 2.3/17.4 -1.002 -0-0(9 !V/A / N/A W/A 13 '/A 7).9

14 10.Y•17.4 -O. -0.0,0 M/A / I/A '/A ? R/A 73.c

1lt 1.4/ .•.• -0.Z?0 -0.- O.b N/A / I/A %VA 3 I/A 13.1 B - 4nV 74 V?

lb 1.Vit) -0.374 -0.0W N/A / ./A W/A 1? 4/A 12.9

lb 1.3/15•4 -U-0W2 -0. UN -MA / N/1A IVA f3 N/A 12.7

- 4/11i2 0.lai u023 o IVA /I/A '11A 7 1/A 0.0-0 R 5N F 74

-U3154. 6 -. 754 -. 265 N/A / !VA '/A 12 'VA 79.5

It 1.12/16.2 -0.016 -0-1.33 1/A / NI/A H/A 5 I .A "3.2

l'?/b•, -O. a4 -0. ' I I IA 2 l 12.6 4F 74 1..

17#72,/md -0U4 - .3.013 W/A / T/A 'I/A I -1/A 12.4

P '?.2/l.u -4.4 l-7 -0.-2 !/A / N/A N/A 2/ 4/A 1- 73

17 123./8 0.011 0.001 .2/A I/ /./A NI/A 13 •IA 12,3

1e lu.3131.0 -0. 12 -0014 V/ A / W/A 'i/A 16 .N/A 12.2

I? 2.3131.0 -03/32.22 -0.031 I/A / VA N/A ? NIA 12.1

S13 SO/,122 14.-.1 0.IA 1 5 4/A I /A 9 0 IA 5. 7
1-3 132 &?.3 6 2 .247 N/A / '/A N/A 16 !/A 1.5

13 3-,Y,.32.2 7.700 0.2•k II A / I/A 11/h ) ll 1.4

4.4/W.U SJ.4• 1 l).?. ' i/A / I/ "/A 21 !/k 1.4

,U 15I.2/,IJ.0 4-.LYi-, 2.'51 i/A / "4IA i/P 12 "/A 1.1

1-3 18.3E 3.. 2 b,, 0.340 S/A / N/A i/A Ni/A 1.4

l- l.%V 4.4 0.9: O0.1Y? N/A I ./A NIA 6 -/A 1.8 B AIA' 74 W ?

2-0 2.t,0 10.4i 0.042126 J/A / I/A N/A 13 4•Ai. 1.

-) 29.-&30 1.423 N./A / I/A /A 1: W/A 1.7

2. l./ .0i). bo.t-3 0.7)6 //A. / ./A 24 "V 1.6

-I. 2. 1-)'. ?-. 15.)i 0...14 N/A / '/A W/A 11 "I/A I.6
; l Y ý,Z 23 I=..q .W:5 :. W / :VIA qA 17 f4/A 1.::

4. 4/ ý.5j-u 1,.t, .- )i '11t V A VJA 21 V, A 1.2

:1 1.0/12.3 . 0 .21. 1-.13 V/A / N/A /IA 7 N/A 1.6

3. 12/ 7.3 #1.993 0.2., N1/A / JI/A 'I/A 6 N/A 1.8 R F 9T' 74 ;>
a) 2.b/13,.0 0.",-,-?9 0.,046 'Y/A / ýI/A N/A IP ? /. 1.9
2 ..e.l_16. 0 -0.519 -0-103 N/A / V. A V/A 5 WA/• 1.7

21 Z.L/ 6.0 0.,33 0.2U6 IlA / •IA WIA 4 WlA 1.6 R P, 5- 74 .31

21.0/13.0 ?1.45 0,190 N/A / •/A N/A 13 'l/A 1.6

,22 1.-0i/3.0 2. Z. 0.i47 iqN/A i ViA Ni/A 6 liiA i.7
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R,.i T1 A2 IOOY 91/lOod2 14lOZ? 1 1/L RE lml, C 7AL, TO D2S (A. (iM) ) M,(%AIN) I ) WH,,1,N) (GAL'UM21 (GAL/IlIi. EILTUM If) (II
1-(Y 1.3/ '.. .,.4' . I / 21. W 1•/" ;IA 1. . R 5T ?. 7A "i

1-LV1. ~ J4 4.276 0.43?W A A '.'~ /A 14 -/A 1.3

• V 1.u/1). 3.43ý 0.45 .I / V/A "'/A 4 I/A 1.7
A:, ?./i,." .Z.J6 J.12 In^ I/ VAt '1A f !• 1.3

>'.a. 4,.! 15 .7) ,4-d,) "/ . 'ItA I - ",, 1.7
24 4.0/ 9.4 1.-3i6 0.247 V/A / ,'/A VA C ',/A 1.7
24 4.0/h• 2.1?J 0.799 V/A / '!/• "VA 10 k /! 1.7
2 .-JL..'- 1.20 0.351b ;I"/ "/A 'i/A aA A /V 1.7

26 1.4/ 3.t 306b 0.7a) 'I/A I 'IVA 'VIA .5 'I/A 1. 3 6 SF 7 -P 5-
a) I-. /iV.) 0 .311 0.637 I/A / 'i/.V A /h 'T/4 1.e
b 1.3/1:0.! 3.1 0. tj9 D A/ / 'i/k I/ IA 14 ./i' 1.6 -2,5 .5.-l 0. 2.3-6 0-666? VA / N/A N/A 5 'I/A 1.6

tn 1/t4.4 5.144 0.594 'I/A / Vi/A '1/A ) 'M/! 1.5
, bj.U/1,i., 2.274 0.517 i/4A / i/A 'I/A V'1A 1.5

, U U./ 4.4 1.973 0.521 '/A / i/A '4/A 4 'i/A 1.3 1 P S 71 19
2t 3.ti 9.4 3.O03 0.110 A / "/A V/A 10 V/A 1.q
Ž 1 5-.'Ji5. 5.04,k O.-S) .:I/ / "IA II/A 14 1/A 1.3

S;..-/ 3.4 1.L62 0.33 VA / I/A ViA 6 '1/A 1.3
S*/1,:.4I 5.12< N.-57 "i/A / '/A 'V! 10 "i/P 1.7

1..4/I., 1.437 J.-72 :/. /:A '/I/A 4 2I/ 1.7

Z 27 .2/ 6t 1.920 0. 36 V A/ / W/A 'i/A 5 ' 1.6 P /5 74 35

" Y7 2.d1l,( Z. U.224 :I/A / 'V/A '/' \T/, I.F,
2? 2.?/V16.6 6.176 0.5.2 Vi/A / 'i/A I/A 12 I/A 1.6
2? .. ,/10.6 1. Lxi 0.5,3 "I/A / V /"/" 1.6
e? ).LJ15.k. , &.i) 0. oO AI/ I/ : '/A 'I/A 1.6
.' 1').JLo.O .0'/3 i.016 f/A / Ai/A Ii/A . 'WA 1.5

21 0-.J/ :.6 1.720 0.3w V/A / VI/A WI/A V 'IA' 1.9 3 P 5F 74 1-4
ai - V 0.-/I. 4. E O 04ag ViA / VI/A 'I/1A 11 W A 1.7

5 I, /G1 01U? 0,460 i/A / I/A 1/A 15 '!/A 1.7
2 bY lIU. S3.u5b O. 63 0 /A / 'ia 'i/A 5 V/A 1.7

Z). u.lz .•. 0.2 "i!: / t/1 i /. A "/,) 1.7
25 (i, Ju. /14.2 1.547 0.4_7 4 i/M / 'I/A VI/A 'I/A 1.?

* i.1 .2 2. 2 .t4, 'i/A / :/L H/A 4 N/A 1.6 B C5 74 34
29 1.F/1V.4 0. Z7 0.7W7 N/A / N/•A N/A 9 "-/ 1.5
2ý 1- t14,' 1 .014 0.727 VIA / 1/A N/A 1-5 1N/A 1.5
?J z.dl.jU.4 '-32 0.J3? 'I/A / i/VA 4/A 6 N/ A 1.5
2. t.d-i4, t•347 0.7?3 VA/A / N/A N/A 9 VIA 1.5Su.o4 2.U109 •..725 :A/A / Vi/A WA 4 N/I. 1.5

?) 2.Y 4.b I-.L2 0.451 A/A / V/A N/A 3 N/A 1.9 B R 5F 74 19
WO 2.0/ 3.3 6." 0.451 V/A / W/A ,N/A - N/A 1.9
3 -0 %.Y/133 039 0642? N/A / N/A N/A 14 N/A 1.9

1_00 0:' ¶.ý !VA .. A VA 5 is/A I.
J) 4.LV1&.3 6.1391 0.42,3 N/A /N/A N/A I I /A ,1.9;W) .3-9/1L-3 2.030 0.406 N/.•. R/A VI/A 6 N/A 1.8
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1.&

RKh TI/T2 I(OX lOOT 100,/104W2 1OzL V 14/, hi bit, CC/, lie DT
W.- (K IN) M (WHIN) M IMU1 (GA,./1L2) IGAL/IV21 *U1kTU ID) fi)

2

.$1 ,.A b.:,' 1.Jut o.7 1/.' / 'A I/,* '1/A le.(, P 5! 74 14
*.01 o.J/I.O 0.7)Lb I. .V/A / i/A `/A 7 "'.A 1.F

,•i~ ~~~ ,O./1;. oLj. U. ,tý: / I / J/t ;,, 1 ' .

A- L.J/i.U o. ;4 .V 1 I IA II; .A1/. 1.6
*31 t,./y14.0 t.1,tk 0-.9;1 IA I '4/4 I/. V V/A 1.6
A iJ..,'14.. 6 .•.. 5 :I/A / ./A </ 4 '4/, 1.5

I- J..t/ L,- 1.J- G).L l I'A I i// ,1 VIA 1.3 1 .- 4' t4
.t 2../ j.6 2.3 U• .0. 4/A I .11/A A ' J ;/A 1." -

U 1,ý - 4. JZ1 0.-423 I/A I VA 1/A 13 AWA 1.7
-V LJ/ .u Q.-, 0.146 '1/A / VA VIA 4 1/!A 1.9

6L' b.3/13.4 2. --- 0.U31 Vi/A I 'i/A V/A - 1 WA 1.7
9 .LV 13. 2.. O.a) lU) A/A / VI/A N/A a VIA 1.?

o1./ D.0 64e.3 1.- ii/A. / ;VA V/A 4- -/,A 1. r. 74 i

S1.0/ -)J.2 J.L06 1.lh; /,A I .iA -T/A .3 W/A 1.5
cL 1.0/16.6 13,1'k 1.a% IA / VlA V/A 15 IA 1..35

1-. V D' 9.2 4-Y1. 1. "f," V/A I 'V/A ViA 4 VkA. 1.;)
16-/1.-b 3.'?701 1.u1 VIA I 1iA V/A 9 I/A 1.5

J.-2/16. 43b 0. .. 'A / I/A i/ 4 W/A 1.4

. 1..b/ D.U ;3.510 0.373 1/A / ::/V. V/A 5 't/ . 'A 5* 7p 1,4
. 1.,/ J.,1 6-114 0.7T3 'T/A I VI/A 1/A 1if 1IA l.Z.

S1.'/1 b 3.560-1 0.530 ./A / 1VA "WA 15 1I/A 1.r)
z ./ 9.4 2. ) 0.61i iWA / W/A i/A 5 'VA 1."

61 0.LV d. b 5.2 a . JLXj V/A / 4I/A 'i/A 10 WA 1.3
Y j...1Wbi-v 2.? 0.C.1 :6/A / :VA V/A 5 I/A 1.3

ul U.,/ 4.2 7.617 1.Jhz 1/ / Il/A V/A 4 N/A 1.6 B P 5! 74 33

0 .4/ 1.5 14.74'6 1.'7) !I/A / '4/A V/A -9 NI/A 1.6
. 4..21 3.6 '3.016 I.-i V/A / 'i/. ý i/A 5 /Al 1.5

2 1.Ž/13.c 1b,7" 1.?02 'i/A / V/A VA 9 ki/, 1.5
a 3. i.13. 0 3. liý 1.91Ai? IA I 'A :I/A 4 1/A 1.4

1.0/ Oa 4 M .?t•0 .A / :I/A 1/A 5 V/A 1.6 B P 5F 75 20
J/ 1.0/10. 4 6. •- 0.702 :I/. / "IA 1/A 10 'VA 1.6

C • .,/1W j.:.j t.r,1 4/A / W/A I/A. A, I/A 1.6
A/ 1..J. • 5 G-3"C 7 J /A / 'J/A i/A 5 V/A 1.6

3, W it./ 6-.473 0.V3 6/A / i/A '/A I I I/A. 1.6
0c ½-.V Id.2 U .1 Pu. D. U5/51 / I/a 'i/A. 6 '"/A. 1.6

; 1./ V.. lgL~ .7 IIU;. 'i. A 1.2 " : 7•70
oas 2.11: il.,i3 V.A 'I V "lA V a• I 1/1 lop

( 1 t-v •,l.' cr.1-4. ;/A / I VA i/A 12 ,V/h 1.1
., •. / !.., 1i. ),• • i/i/A / WA I/V 4 W A 1.1

* t V/1:6,0 21.3• 2.Z?3 /A / N/A N/A 7 R/A 1.1
IJ 11.(LI.0 12.104 2.421 /A / IlI/A N/A 4 NIA 1.0

6• i.V/ 390 5. (kO 0.Li3 ti/A I R/I N/A 7 N/pI 1.5 R R 5F 74 19
W I.t/l >U 13,tw 0'3.4 5 AA / 'VA N/A 14 p/A 1.5
di 1.122,u 6I,07b 0.Ub2 N/A / W/A N/A 1 N/IA 16,
6j 3.'J/l.O .005 0. •3 /A / 'VA ;I/A 7 V/A 1.5

3 -.. /Z.. 7.007 0.5w V/A / ,/A N/A 12 I/A 1.,5

Ji 16. 'V2) 3.4a) 0.~1 3n ~ /A I VA MI/A 6 U/A 1.4
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RUN TI1/12 lOOK 100Y 10091/10M2 1OOZ v Il/L R1I ITO, Crl,. 10 DI

AC. ( 1k IN) %) %MIMI 4 %) 4%/MlMI (GAL/[M2) (GAL/1M2) kILTIR (II (M i

39 0"6/3.4 -0.148 -0.053 -04-Q/-0.4.1 -0.002 3 9 2.0 BS R 5F 75 0

53w 0.6/6.2 0-408 0.073 -0.40/ 0.00 0.172 6 1513 1.9

39 3-4/6.2 0..5b 0.193 -0.41/ 0.00 04147 3 6& 1.9

4 0.-8/3A4 1.3w3 U.bls -0.39/ 0.79 0.4b5 3 224 4.1 BS It OF 75 0

4)0 U. 8/6.,2 1.075 0.19-4 -0.39/ 0.4W 0.148 6 571 4.0

4 )3-4/6.2 -0-261 -0.093 0.79/ 0W40 -0.138 3 9 4.0

41 0-6- 2.6 0.300 0.150 0.37/ 0.74 0.1U35 Z 320 2.2 b a 5F 75 0

41 0.6/ 6.6 0.636 0.106 0.37/ 1.12 0.126 7 1151 2.1

41 2-' 6-.6 0.33? 0-064 0.74/ 1.12 (.W:3 5 144,3 2.1

42 1.4/ 4.4 0.322 0.174 0.J0/ U.o 3 0.120 4 726 4.4 136 1' 1OF ?5 U

4 1.4/ 7.0 0.J13 0.166 O.J0/ 1.3W 0. 15 ? 770 4.4

42 4.4/ 7.0 0.342 0.151 0.36/ 1.&0 0.*2 3 -Q5 4.4

43 2.4/ 7.2 1.3)1 0. 0 2.5d/ 4.06 0-303 6 4Z2 1.9 e5 SF 7A6 21

43 Z-4/13.6 3-879 0.346 2-W/ 6-07 0.365 is 3 1-6

43 7.2/13.6 2.52.3 0.344 4.00V 6.67 0.4U7 7 303 1.6

S 44 0.2/ 3-0 1.736 .4,J9 1.11/ 2.963 0.313 7 406 5.7 uS it LOF ?5 21

S 44 0.2/14.0 .5-510 0.254 1.11/ 4.51 0-246 16 47-1 3..7

44 S-0/14-J -1,366 0.225 2.96/ 4.51 0.194 9 525 3.7

4.5 1.0/ 7.2 4.*73 0.?72 9.&V 14.05 0.537 7 160 1.6 BS x 5F ?4 .5

45 1.0/14-.3 16.51') 0.964 4..32/ 21.55 0U •,45> 15 12.3 1.5

4.5 7.2/14.3 3.950 1.15-3 14-06/ 21.55 0.434 .3 A)3 1.5

* 46 1.0/ 6-0 2.330 0.463 4--.2/ 7.20 t.55 6 24d .i.,6 35 a 1O? ?4 3s

46 1.0/12-2 6&Q-5 0.504 4-42/ 11.A3 0.567 12 L16 35..2

46 1.0/13.0 11.931 0.702 4.42/ 16-) U., 8d I ti! 3.1
4 6.0112.2 4-.. 0-705 7.20/ 11.21 3 O.E3 7 16.3 A.2

46 5.0/1•3.0 9.774 0.315 7.20/ 16--3 0053 13 1153 S.1

:V3 12./.-0 652 0.274 11.-3/ 15.10 0-6 6 113 3.0

47 1.4/ -3.4 4.331 0.EDO 25.50/ a)-.13 0.506 6 16w 1.3 8S it 5F 74 21

47 1.4/17.0 t.06i 0.-31 25.1 -.23 0.429 13 120 1.3

4? 1.4/24.2 12.&65 0.555 25.59/ 34.66 0.343 18 114 1.2

47 1.4/17.0 4.444 0.517 Z)-.•Y &.Z3 0. -3, 7 208 1.2

4?7 3.4/24.2 .92263 0.520 2Z. 13/ 34-.66 0.-30 12 202 1-2

4? 170.124.2 3.225 0.,54 2-.13/ 34.66 0.3W0 5 202 1.2

43 2.2/ 3.2 5.1"V4 0.512 15.,6/ 17-.5 0.436 5 205 2.8 B5 d IOF 74 21

4,3 2.2/16.2 6.175 0.441 15..-/ 20.60 0-377 12 2m 2-7

46 2.2/24.2 6.440 0.334 1o6.2/ 22.17 0.312 19 264 2.7
463 .?-/1&2 3-. 1_%j 0.400 17.95/ 20.6 0.36 7 ;W 2.7

43 3.2/24-. 5.54b 0.347 17.95/ 22.17 0.264 13 367 2.6

48 16-2/24-2 2.424 0.3)J03 2J.I0f/ 2-.17 U-1W - .ZC z.6
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I ~ TI ~ 1/72 bouX 100T 100h1/10W2 IOUS v I /L RL Hm1 :CrJ5L9 10 DT
MC. (HINM)| I (%) (%7/141hM GAL/112) (GAL/IN2) FILTEI AD) (F)

40 1.4/9.2 (.t30 1.104 36.-8/ 41.L 0.714 6 107 1.1 BS 5F 4 43.
4V 1.4/16.4 15.&53 1.0i 35a.82/ 46.- 0.(b 11 112 1.1
43 1.4/24.0 21.9h) 0.9,V 359.d2/ 40.64 C .611 16 115 1.0
41 ).2/16-4 7.21 1.011 41.31/ 465-65 0.502 5 109 1.0
4- 9.2/24.0 14.A31 0.5 U6 41.30/ 4t.64 0.557 10 11 1.0
40 16.4/24.0 7,561 0.-36b 45-65/ 40.6 0.,55 5 10.3 1.0

50 1.0/ 7.6 5.03 0. 54 22.45/ 26-32 0.5d6 6 144 2.4 BS A lUF 74 .33
50 1.0/16.0 l0.360) 0.725 22.45/ 30.80 0.557 12 147 2.4
50 1.0/23.4 16.,56 0.736 2-.45/ 3b.1d 0.5W 13 141 2.6
50 7.6/16.0 6.162 0.736 265.2/ 30.80 0.5M4 7 141 2.3
50 7.1/23.4 12.051 0-763 26.32/ 35.1 0.561 12 133 2.3
50 16.0/23.4 G.256 0.345 30.A80/ 3 .1.V 0 .542 6 117 2.2

51 1.6/3,4 0.3U9 0.222 -1.00/-0.•) 0.276 2 408 3-3 BS R 1OF 100 19
31 1.6/7.4 -0.739 -0.27 -1.00/ -1.54 -0.093 5 99a3 -o.3
51 3.4/7.4 -1.142 -0. -6 -0.50/ -1.54 -0.259 4 9999 3.3

52 2.2/4.2 -0.391 -0.19 -l.53/ -2.06 -0.266 2 999999 3.5 BS R 1OF 100 10
52 2.2/7*4 -0.4001 -0.000 -1.53/ -1.,57 -0.008 5 9 3*4
52 4.2/7-4 0.,%3 0.121 -2.06/ -1.&7 0.153 3 7Z3 3.4

53 1.0/ 4.0 0.274 0.091 -0.63/ -0.35 0.114 4 1432 4.8 BS R 1OF I) 19
56 1.0/8.0 0.47b O.6Oc -0.)/-14.52 -1.375 9 1915 4.6
53 4-0/8-0 0-202 0.050 -0.W-14.52 -3.,542 5 252 4.7

54 1--/ 4-4 0.161 0.070 0.63/ 1.03 0.134 3 1699 5.1 BS R IOF 100 10
54 1-3/ 1.4 0.1.93 0.0,3 0.3B/ 1.04 0.054 9 43B 5-.0
54 4.4/ 3.4 0.018 0.004 1-03/ 1.04 0.003 5 29471 5.0

55 1e,3/ 3.0 0.216 0.160 -0.36/ 0-00 0.603 2 6ý3 4.3 BS it 1OF 100 jU
55 1-8/ 6.4 0.353 0.077 -0.36/ 0.37 0-15W 6 1516 4.2
55 1-!/ 9.5 0.634 0.082 -0.36/ 0.74 0.143 10 196 4-2
,, 1.,/1,.2 0.670 0.05o -0.36/ 1.12 0.130 14 2079 4.2
55 3-0/ 6.4 0.137 0.040 0.00/ 0.37 0.103 4 3060) 4.2
55 3.0/ 9.5 0.419 0.065 0.00/ 0.74 0.114 3 1903 4.2
56 3.0/13.2 0.456 0.045 0.00/ 1.12 0.110 12 2727 4.2
55 6.4/ 9.5 0.2W3 0.091 0.57/ 0.74 0.12U 4 1339 4.2
55 6-4/1&.2 0.419 0-047 .0-37/ 1-12 0.111 a 25d3 4.2
55 9.5/1&,2 0.0.36 0.010 0-74/ 1.12 0-103 4 12214 4.1

55 j.2/ ?:. 0.430 0-072 0.72/ 1.46 0.123 7 1%14 4.1 SS t IOF 100 36
56 102/12.6 0.34-3 0-074 0.72/ 1i-6 0.100 14 16?2 4.0
56 7-2/12-6 0.415 0.077 1-46' I.66 0.074  7 1,52 4.0
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S1f2 IO(X loo Y lu(MlllOOm2 100/. I /I, Il' m•,n cr/le w) JrA
Mo MWtN) (161 (%U I:/NlN i IGAL,/l12 IGAL/IIN2) - LTIR IF) 0)P

1ý .4 9.2 0.804 0.118 3.915/ 3.29 0.110 1 97a 3.62? -4/17.-6 2.224 U .146 3.15/ 5.56 0*15 17 7t*6 .3.
b? 2.-4121.-4 2.194 U.115 5.1,5/ 5.?_4 0.110 gn 37 56

? 2-4/41-4i 4.17U U.14-4 5#15/ 7.26 .-IQ 31. 7M ,3.6
SR 9.2/17., i-6Y 0.170 3 -4bo/ 5.ot6 U .191 9 632 5,6

WZ••Z14 .• 0.115 3.-'_W 6.24 04056 15 976 3-6
S 9-2/51.4 3.3LA 0-153 3.96/ 7.26 0.149 24 726 3.5
57 17.6/a.4 -030) -).0tw 5.b6/ 5.24 -O.0&5 4 999999 3.5
:57 17.6/31 1.991 0.144 5.56/ 7.?6 0.123 15 761 3.52? 2 1.4/U. .4 2.0U 0.202 5.24/ 7.26 0.202 11 540 3.5

b6 3,./110 .25 0.434 9 8 / 12.85 o0") 8 295 3.8 BS R 1OF 99 5S3-8/16.2 5.441 0439 9.82/ 14.93 0.412 14 28 3.8S i 3./21A B.1e 0U465 9.82/ 17.24 0.421 DO 269 3.75• 3. 3 /25.6 10-095 0-443 9.dc/ 18o.w 0o401 25 20 3-.7
58 11.0/16.2 2.390 0.460 12.85/ 14.93 0,401 6 272 3.7o 11.0,21.4 5.220 0.502 12•.65 17.24 0`423 12 247 3.758 11.0/26.6 7.1A 0.461 12.85/ 18.911 0.39 17 266 3.6b8 16.2/21-4 2898 0..567 14.93/ 17.24 0"44 6 219 3-6bb 16.2/26.6 4.91 0.473 14.93/ 18.97 O.3 11 256 3-658 21.4/2?,66 2.0d3 0.401 17.24/ 18.97 0.3W2 6 299 3.6

bt 0.4/7.4 4.01• U .7 18.-24/ 19.5,5 0.187 8 4 4-4 BS ft IOF 100 1006 0-4/18.2 4.418 0.2483 18.24/ ;1.47 0.182 20 565 4.359 04,27.2 3.124 0.117 18.4I/ 20.65 U.OWA 30 115 4*.359 0.4/2.U 3.&36 0.134 18.24/ 20.90 0.093 32 1030 4.,359 7.4/a1.2 2.46 0.227 19.-5/ 21-47 0.17% 12 607 4.35 7.4/Z7.2 1.136 0.057 19.55/ 20.6b 0U.05 22 2410 4 -3.0 74/29.0 l,62 0.0UW 19.b5/ 2U0.9U 0.02 24 16U3 4.381i.f2Za.2 -1-354 -0.150 21-47/ 20.65 -0.`0 10 9 4.3• 18.2/2-.).0 -0-609 -0.0,6 21-47/ 2U.90 -0.053 12 993 4.,351 27.2/29.0 0.735 0.408 20.6b/ 20.90 0.142 2 335 4.3

i .Si- 7.5 0.949 0.211 1.41/ 2.4t) 0.z4, 12 13U2 5.6 iS n 9d lO 16.) 30/12.0 1.243 0,133 1.41/ 2.87 0.1152 25 2023 5-6
60 30116.5 2.021 0.150 1.41/ 3.G! 0.164 37 1849 5.560 3.0/2U.7 5.245 0.183 1-41/ 5.09 0.208 48 1497 5.560 7.5/12.0 0.297 0.066 2.4R/ 2.87 0. 1)34 12 41-5 5-56U 7.5/16.5 1.082 0.120 2-4R/ 5.6 0.126 24 2278 5-560 7.*520.7 2.317 0.176 2-49/ 5.09 0.197 35 1546 5-46U 12,0/16.5 0.U*7 0.175 2.87/ 3.a- 0.u. 12 e 156 5.460 12.0/20.7 2.027 0.2Z33 2*t37/ 5.09 0-256 23 1158 5.4CA) !6.5f20.7 1.249 0.2,.7 . io 5.09 10. 11 39 5.3
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RUN TI /T2 b0OX 100!y 1OOd1/10002 10oo V 14. R1t M1V C'XL. 70 1!T

61-10/ 3.6 009a1 0.354 7.81/ 8.42 0.23d 5 76 4.8 BS R 5 100 10f61 1.0/10.6 S3.056 0.31W 17.3/ 10.18 0.247 24 t%3 4.

61 1.0/1808 5.804 0.326 7.81/ 1.2.73 0.276 43 812 4.7

61 W.610.6 2.155 0.-30)3 a-42/ 10.-1!3 0.261 17 (376 4.8

61 37.6/13.a 4.-)3 0.324 8.42/ 1;2.,13 0.233 37 320 4.7

61 3.6/23-6 7.30.3 0-294 8.42/ 14.96 0.262 a) 892 466

V 1 10*6/18. 2*834 0-334 10.18/ 12-7-3 0.310 20 74 0,-7

M1 10.&'28.6 5..i&Z 0.295 10.18/ 14.96 0.246 43 C-64 4.6

(2 led/ 5.2 1*7??4 0.5a2 16.4&/ 17.77 U.iV3 a 54,5 4.6 b5 6 A -A 100 10

62 1.3/10.6 4.355 0.495 16&4-Y 19.79 0.332 21 W6 4.5

I:62 1.8/1-364 5%.250 U.4563 16.41 20.42 0.343 27 619 4.5

62 5.2/10.6 2.&0 0.4t87 17.'??/ 19j.79 Q.' 13 5% 4r.

6? 5.2/13-4 3.5-5 U.43ý3 17-7?/' 32042 0-~32 19 &A4 4.5

63 1.0/ 4.6 1.ow3 0.300 2.603/ 3.51 0.-253 14 101 3.4 B ~ 5
63 1.0/ 7.4 1.432 0.224 2*50/ 3.56 0.150 14 04 34

63 4.6e" 7., 0.355 0.L?? 3 51 / 3.-56 0.017 6 1767 3-3

*64 1.2/ 4.6 -1.09M -0.304 0.53/-0.54 -0.296 3 9 9 2.6 MS R OF 50 0

64 127.8 -03.761 -).0-1 0-.53/ -0-55 -0.163 6 9999 2.6r

* 4 ./7-8 0.328 0.109 -0-.54/ -0-5-5 -0-003 3 776 2.6

66 1.0/ 5.2 2.872 0.634 6.50/ 9.27 0.660 4 162 1.5 BS R 5F 50 5

6 1.0/10.83 563-31 0.15k 6.50/ 12.00 0.561 10 14 15

66 5.2/10.8 3.046 0.544 9.27/ 12.00 0#4837 6 199 1.5

*663 1"3/ 6.8 0.369 0.074 0.93/1.4c3 0.099 5 1W4k 27 DS ki OF Wi~ 5

66 1*-3/11-6 0-929 0.095 0.93/ 1.93 0.102 9 9W1 2.7

*66 6.8/V11.6 0.561 0.117 1.w3 1.93 0-103 4 731 2.7

6? 1.6t/8-4 6.419 O.A4 15.57/ 20.97 0.793 14 252 2.9 BS R 5i 50 10

(3? 1.6(14-2 110015 0.874 15.57/ 24.00 0.724 25 2m 2.8

6? 8.4/14.2 4.911 0.847 ZU.97/ Z4.70 0.644 11 2W) 2.8

63 -1.8/84 1.233 0.188 2.)/ 4-17 0O23 6 463 2.4 115 It10F W, 10

W3 1.8/14.2 3.102 0.250 Mg5/ 5.79 0025 1.0 W4 2.4

63 a.4/14*2 1.86? 0.325 4.17/ 5.79 0.290 5 280 2.4

a) 2.0/ 6.0 6.17? 1.544 3D-66/'3t.89 1.059 7 173 2.6 BS R 5H 50 16

f 63 2.0/10.8 12.5V? 1.423 30.66' V*22 0.973 16 M8 2.5

63 2.0/15.0 17.976 1.333 30.66f 43.01 0.9b0 23 184 2.4

ED .G0/10-8 6.763 1.410 34.63g/ W*22 0.902 8 181 2.4

ED 6*0/15.0 12.578 1.307? 343/ "301 0.902 15 1IT 2.4

a1) 10.8/15.0 6-2.30 1.433 3D#22/ ".01 U-901 7 163 2.3

L4



RIkh TI1/12 lOOK 10 IA IO ui/I00 oiuu l4V 1/1, Ri hr.w C'X. 20 D)2
b (.0 (MI"I 51% (%MIN~ I 1 1) 1*/kIH I IGAt/lb2l (GAL/1521 RLTI (fi M

70 2.6/ 6.0 1.192 U.3J51 4.--3/ 6*.'t? 0*4ki .5 2e 2. 4 BS At OF .50 16
70 2.6/11.6 2.202 0.245 4.3-l3/ 7.50 0.4131 :3 2!67 2.4
70 2.6/1:5O 3.411 0.27ý) 4.193/ e3.54 0.263 11 324 2.3
70 ':.11G 1.022 oflt$ i*47/ 70-'> 0.a1dc4 5 439 2.3
70 6-0/16.0 Z.246 u.20 ?C 3--17/ 3.54 0*2.31 3 3A56 2".3
70 .1ý3/15.0 1.23 -. 33 O- 7w J-5b* 0.307 15 ;e41 2.3

71 1.*3/ b5.6 11.153 2.9~35 ).00/ 0.00 0.000 ? 0 2.6 BS t Id 50 1%3
71 1./02 24- e% 2.dx~ O.00/ 0.00 0.000 15 0 2.5
71 1.6/12.2 28 .5W3 2.7?45 U.00/ 0.00 0q.000 1a 0 2.4
71 5.6/10.2 14.770 &.211 0.00/ 0.00) 0.000 a 0 2.3
71 5.6/12.2 19 - 564 2.96? U-uUf 0.00 0.0000 11 0 2.3
71 10.2/12.,e 5* C-Ai Z.64 J.U0/ 0.00 u.woi. 3 0 2.1

72 2.4/11. 1.673 0.529 6.5W 7.66 U.452 3 ZZ: S.0u BS 1 lF 6) 16
72 2.4/ 3.0 2.60W3 0.-54 6. 5V -3.81 0.3415 7 X29? .. 00
'72 2.4/12.2 37.2442 0.331 6-.A/ 4.-56 O.310 11 352 3.0

72 5. V/J - 2- 1.23 0.311 7- Ui' 3.31 0.33? 4 374 35.0
a. 3u/ 12.2 1 t1.39 0.263 766/ -4.56 0.266 8 44.1 S3.0

72 9.0/12.2 G.656 0.205 3.-31/ :).58 0.2119 3 5t- 3.0

73 1.4/ 4-4 2. 32)i u -7?ý 31.6Y 13.C2 U.R53 I? 350 4.3 G R~ 4 73
73 1-4/ --t - &3E1 i .5.2 L3."c 11.65 0.513 17 502 4.3
73 4.4/ 3-2 1.3w) 0.35 10aikl 11.33 0.,V-5 9 ?51 4.2

74 U. -f 5.2 0.073 3.017 1.31/ 1.33ý 0.- 003 5 ?500 2.2 G R 5F 75 0
74 U0-3/ J3.3 0.509 0.057 1.81 / 2.26 0-056 11 2179 2.1
74 5.2/ 9-.3 0.436 0.03i 1.-3,V 2.25 0.003 b 1235 2.1

75 3.2/10.u 4. 1?7 0.614 10.64/ 14.16 0-516 14 37.3 3.4 G R 5H 75 10
75 3. 2/1.4. j 5.01? 0-43 10.64/ 15.52 0.421 24 464 .3-4
75 10.0/14--3 1-56ys 0.S2W 14.16/ 15.52 0.262 10 673 3.3

7s i Od/.B8(U -0.-OZ? -04)04 2.21/ 2.26 t:.00$ 6 09-4-4)9 1.6 G R 5F?75 10
76 1.-6/14.W0 Ulb -U1 .1,5 Z -4/ 2.7b U.044 12 7901 1.6
76 o .0 /14 -U 0*182 0.0150 d -26/ ;e.75 0.4)de 6 327? 1.6

7? 1.4/ 5.4 S.Z37 0.3w3 14-67/ 1&!36 0.574 Z) 310 3.4 G R 59 752
77 1.4/10.0 5.335 0.673 14.57/ 1--)22 0.541 1s 365 3.3
7? 1.4/16.2 -3 -363 0.565 14.57/ 21.65 0.479 151 431 3.3
77 5.-4/10.0 2.aB3 0.-5r34 16.36' 1).22 0.512 10 4.19 3.3

'77 5.-4/16.2 5.293 0.401 16.3&' 21E65 0.444 22 490 3.2

7-3 1.4/ 4.3 0.025 0.007 2-9,:5 2.93 0.004 ý3 M255 3.6 G R 5 715 u
lib. 1.-4/ -J.6 1.170 0.146 2-921 4-ý2 0.1-5) 19 1660 3.6
?3 1 - V16.4I 1.615 0.1(ki Z -.4Z/ 4.9W 0-094 34 2171 3.6
73 4~J/ 6 1.145 Q.Zp >.4 A- Z> nF 11
?13 4.3/15-4 1.501 0.137 ?-.3/. 4.35 0.121 26 1wl)1 35
76 3.-/jl3.4 0.4.50 0.066 4.22/ 4.S3 0.016 15 3483 J3.5
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RXJl 11/ /2 1001 101 y 100ol/10012 looz ¥ 14, RE VIC,, CLr 1, "0 D?

MVC (lMIN I) ( (%IiM) 1%) (%lu, I (GAL/AIL? (GAL/jll2 )1LTI, IV) IF)

79 2.0/ 6,2 35.?99 0.904 26;9v 29.'% 0.867 a 293 3.4 G A Wi 75 0
79 2,0/10.4 7.40.5 0.682 2&,9V/,''''',,,,l &-3...+++.3 0 691 18 293 3-,3

7-3 6.2/10.4 3.749 0.893 29.74/ 32.33 0.&? 8 2,3 3.2

802o4/ 5.- 0.10) 0.092 8° 8.9 0.027 4 3?7? 2.0 G R 5F 75 0

S80 2.4/10.8 0.130 0.016 1.,V/ a.3) -0.011 9 %m 2.0

80 5.8/10.8 0.02 0.004 8.49/ 8.30 -0.037 6 27Mk3 2.0

1 0.8/ 5-2 4.907 1.115 27.6 /31.27 0.826 9 240 3-3 G d 75 5

"-31 0.8/ 8.2 7.9•6 1.071 27.64 33.45 0.736 14 243 3.3

81 5.2/3.2 35.15 1.058 31.27/ 33.45 0.727 6 243 3.2

d2 1.6/b8k 8e odn 0.079 9.49/ 10.20 0.100 7 1422 1.7 G K 5F 75 5

a2 1.6/11-6 0 446 0 4b 9.49i 10 .2 0.4)71 10 25-9 1-8

de 1.•6/19.8 1.046 0o .d? 9.49/ 1U-57 9.060 19 196 1.7

a2 8.8/11.6 -0.126 -0.045 I0U.0/ 10.20 -0J.003 3 90gg9 1.71

2 8.8/19.8 0.477 0.04.3 10.20/ 10.57 0.033 11 2-546 1.7

82 11.6/19.8 0.402 0.073 10.20/ 10.l 7 0.045 8 1535 1.7

W 1.0/ 7.6 9.626 1.45• 2.20/ 11.50 1.409 1'/ 1'4 3.7 GS R 5 75 0

83 1.0/14.2 18.276 1.365 2.20/ 20.00 1.64a 27 148 3.5

83 7.6/14.2 9.571 1.450 11.50/ 20.00 1.h37 13 134 3.3

4 2.4/ 7.2 1.9LW 0.24* 1.96/3 .00 0.217 4 3f 1.6 GS f 5F 75 0

84 2.4/13.8 2.436 0.214 1.96/ 4.10 0.133 10 420 1.5

34 7.2/13.8 1.25 0.191 3-00/ 4-10 0.167 6 46, 1.5

5 2.4/ 6-2 4.-83 1-.35 27.31/ W-0. 0.36 ", i 3.0 GS A 5d ?5 5

85 2.4/ 9.8 9.757 1.3W4 27.31/ 34.-' 0.957 13 181 3.0

65 6.2/ 9.8 5.124 1.423 30.-E/ 34.33 1.031 6 164 2.9

86 1.2/ 5.4 0.56 0.142 5.94/ 6-47 0.125 4 643 1.5 GS R 5F 75 5
86 1.2/ 9.4 1.148 0.145 5.94/ 7.50 0.190 7 625 1.5 .
86 5.4/ 9.4 0.515 0.14) 6.47/ 7..! O.it' 3 606 1-4

37 1-8/ 4.4 0.926 0.3&6 6.90/ 7.76 0-332 3 295 1.7 W j 6F 75 5

87 1.8/ 7-6 1.275 0.220 6.90/ 8.19 0.223 6 4"6 1.7

37 4-4/ 7.6 0.032 0.110 7.01 8.19 0.135 3 946 1.7

-3 1.4/ 5-4 3.9"3 0.995 35.34/ 7..7 0.6)6 6 229 2.4 GS A 5d 75 11

W8 1.4/ 8.4 6.584 0.941 35.34/ 3R.32 0.6? 10 240 2.4

Ba 5.4/ 8.4 2.713 0.904 37.77/ R.32 0.516 4 245 2.4

89 1.61 5-6 0.377 0.094 11.11/ 11.73 0.155 3 82 1.2 GS R 5F 75 11

99 1.65 3.4 0.37? 0.056 11.11/ 11.73 0.091 5 1015 1.2

a) 5.(Y 8.4 0.000 0.000 11 -.W 11.73 0.000 2 G 1.2

i i



Y RLIN T142 IOOX 100y 10'Jm1/1O(W2 bOoz V I/L R E N VA. CC2L, 10 DT

-J -1.4iJqb 1s.;2/1 24~? -0.16U 7 1.5 GS R & 75 a1R) 2a2 /1'3.4 -0-761 -0.047 13.42/ 12.72 -0-043 1b 9699L- 1.5IO 9 0.7 L7 -. 17/ U? 02a 17 *
41 2'4.0 2.227 1.? i2:3 /45-31 U. jp 204 2.2 GS it 5 5 02. ?~ .u -1sk t.& *-1. l - 47.47 U.763 7 193i 2.2 5 0

~1 4-u/ 7.0 4.6w .t~'b.l 47.47 fu.713 4 LEV 2.2

92 1.6/& 4.4 1.3)6 0.567 i1.73/ 13.20 0.56.3 2 165 1.2 GS R 5F 75 20J-2 1--'3 7.0 1-393 J.4ý4 I!-7ZV 13. 71 0..373 4 24-3 1.2)2 4.4/ 7.0 0.50-4 0.194 13-20/ 13.-21 0.19a5 2 453 1.2

ýK5 1.4/ 7.2 1.7-93 0.-300- 13.00/ 14.73 0.243 5 &5 .1.4 GS AL 5F?75 2U41 i.-i6/2., 3)OS 0-2 -,3 1.3.t))/ 15.00 0.ZY3 IC,' 375 1.44X3 1.4/2'..0 1.793 0 - 91 1.ju/ 14.7.3 0.063 16 1W43 1.49)3 7.?J1l2.d 1 0 tiS J.2a-?,; 14.73/ 15. ?Q 0.172 5 4L) 1.30 iv~ 0.000 J).uo~ 14.73/ 14.73 0.000 11 99W 1.49,3 12.5/-32.j-( -1-27!3 -o.17e, 1,5.79/ 14.73 -0.164 6 999M 1.3

44 2.0/ S.2 3.780 0.610 14-1.1Y 17-51 J.4Al 5 1i~o 1.2 OS it 5F 75 3044 2.0/12.4 5.453 0.572 1-1.-16/' 1-.27 0.401 9 la3 1.2A4 2-J/13-2 83.92) 0.551 14.1Y 1 20 "y -45 13 1 7Z 1.294 J.2/12-4 2.2153 u - 'iJ3 I' -,A/ 19.27 0,413 .3 175 1.2

Z4 6 -?/L-3 *2 3;. 342 0.534 17?.51/ ;U.02 0.451 a 17.3 1.294 12-4/1-3-2 3. 15 0.545p M92/2.02 0.475 5 1W3 1.2

95 1.0/ C.4 3.5979 0.663 0.00/ 0.00 0.000 5 0 1-5 GSiR F ?5 30t)5 1.0/10.0 5-493 0.610 J-00/ 0.00 0.000 9 0 1.595 1.0/i3.-_ 7* *9 0.614 0.00/ 0.0W0 ')000 12 0 1.5
3ý5 6.4/10.0 1-'-35 0.551 0.00/ 0.00 0.000o 4 0 1.5)5 '-3.4/13.2 4.054 d.af 0.00/ 0.00 0O-Ou) 7 0 1.595 10.0/13.2 2.111 0-6w 0.00/ 0.00 0.000 3 0 1.4

963 0.6/3.8 0.-44% 0.*143 -0 -a5/-0-4-3 0.129 3 739 3.8 OS R IO ?b 7 U96 0-6/. d.6 0.%3w5 0.04.3 085/ -0 Ab 0.050 a 2391 .3.796 3.8/ 8.6 -0.111 -.0023 04.3/ -0-.5~ -0.03 -5 999999 -3.6

W7 1.0/5.2 --0.047 -4) ull1 0.00/ 0.00 0.000 6 9-%999 4.8 OS Hit of 75 0

97 u./~i -0.739 -I0.194 U.JU/ -0.55 -0.144 11 999999 4.7

Jb 2-.2/6-4 -0-006 --)-O -0.G?/ -0-93 -0.003 4 9-99-99 ~3-3 OS R IUF 75 1196 2-2 /10.0U -'0. - 0 -. 0?? -0 -92/ -0.94 -0.003 8 99949 3ýb 2-2/14-0 -0.34.5 -0.029 -0 -9/ --0-9 -0,)05 11 ~99999 .3.2JU 6.4/10.*0 -0.207 -1.5 -0 -(3/ -0.94 -0.004 4 99999 3.2ýi 6-4/14-0 -04-38 -(J 045 -U .43/ -4).97 -0-005 7 99-QW~ 3-2£93 1U0.0/14.-0 -.0-31 -0.033 -09/ -4jg? -0.U00 4 99999 .3.2
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RUN T1 /T2 b0OX 100Y 100/01 .o.. 1 *uVC, rl oD

MG I ( MIM) II) (%A4IMI NM I •A6I1 IGAL/1121 IGAL/1.2) FILUR (Pit Ik)

99 2,.6/5,4 -0.191 -0.068 -0.C2/-0..53 -0.001 4 90999 4.5 GS R1 75 ?5

99 2.61 9.2 0.059 0.009 -0.52/ 0.00 0.079 9 15024 4.5

9 2.6/12.4 0.002 0.000 -0.52/ 0.56 -0.003 13 601618 4.4

9 5-4 9-2 0.249 0.066 -U.-53/ 0.00 0.139 5 2051 4.5

99 5./129.4 0.419 0.027 -0.53/ -0.55 -0.004 9 4822 4-4

99 9.2/12-4 -0,,057 -00.018 0.00/ -0.55 -0.173 4 99999 44

100 4.2/ 9.8 0.03 0.006 -0.92/ -,,94 -0.004 6 168M 3.1 GS it 1OF 75 20

100 4.2/13.2 -0.81 -0.042 -0.g/-0.96 -0.004 9 99999 30.1

1DO 4.2/1-5.6 -0 .W5 -0.0ZS0 -0 'g2/ -0.98 -0.005 11 O 3.0

100 9.8/13.2 -0.414 -0.122 -0.9/ -0.96 -0.004 3 99999 3.0

100 9.8/15.6 -0.297 -0.051 -0.94/ -0°98 -0.006 6 9999 3.0

100 13.2/15-6 0.116 0.048 -0.96/ -0.98 -0.010 2 1937 3-0

101 2.2/8.0 -0.05b -0.01o 0.00/ 0.00 0.000 8 99c9a 4.3 GS ? lOH 75 20

101 2.2/13.4 0.08'? 0.008 0.00/ 0.00 0.000 15 17319 4.2

101 2.2/15.8 0.,7? 04045 0.00/ 0.56 0.04M 18 2919 4.1

101 8.0/1354 0.145 0.027 0.00/ 0.00 0.000 7 49W 4.2

101 8.0/15.8 0.-•5 0.08? 0.00/ 0.56 0.071 10 1514 4.1

101 13.4/15-8 0.531 0.221 0.00/ 0.56 0.231 3 586 4-1

102 1.4/ 7.0 0.314 0.056 0.00/ 0.40 0.072 6 2026 3.3 GS it 1OF ?5 31

102 1.4/11.2 0.353 0.036 0.00/ 0.41 0.042 11 3133 3.3

iWe -. 0/11.2 0.039 0.009 0.40/ 0.41 0.002 5 m 160 3.3

103 2.0/ 7.4 0.465 0.090 1.34/ 1.80 0.035 8 1 58W 4.6 GS ill 108 75 Sa

103 2.0/12.2 o.513 0.096 1.30/ -5.97 -0.617 16 1613 4.5

103 7.0/12.2 0.510 0.106 1.30/ -5.97 -1.'7a9 17 1667 4.5

104 1.6/10-0 1.489 0.213 2-11/ 3.90 0.209 14 775 4.7 GS i 10d1 75 32

104 1.5/17.8 2.347 0.145 2.14/ 4-3) 0.139 26 1126 4.7

104 1.6/27.4 3.273 0.IZ7 2.14/ 5.33 0.124 41 1272 4.6

104 10.0/17.8 0.i9 0.073 3.90/ 4--3 O.6O5 12 2207 4.6

104 10.0/27.4 1.510 0.087 3.90/ 5.33 0.083 27 1d3 4.5

104 P?-3/27-4 0.948 0.099 4.3Y/ 5.33 0.-99 15 1593 4.5

105 3.0111.2 1..k38 0.166 5.31/ 6.61 0.-15 13 104.3 4.8 GS it 108 ?b 32

105 3.0/20-8 2.650 0.14R 5.31/ 7.95 0.149 29 114.1 4-7

1W5 3.0/31-8 4.273 0.140 5.31/ 9.36 0.1.41 46 1130 4.6

105 11.2/20.8 1.320 0.13d 6.61/ 7.-5 0.138 15 iz23 4.7

105 11.2/31-a 2.9)0 0.144 6.61/ 9.36 0.134 32 1152 4.6

105 20.8/31.8 1.662 0.151 7.95/ 9.36 0.128 17 1091 4.5

106 0.0/4.0 0.096 0.030 1.36/ B-.3 0.006 7 7290 4.4 GS R 5H 1 OU

106 0.8/ 8.8 0.177 0.022 1.36/ 1.40 0.005 17 9812 4.4

106 0.8/11.8 -00O9 -0.007 1.36/ 0.94 -0.038 25 99999 4.4

106 4.0/8-8 0.-0& 0.017 1.3B/ 1.4I 0.004 10 W 1Z? 4-3

106 4.0/11.8 -0.175 -0.022 1.3a/ 0.94 -0.056 17 999999 4-3

106 8.f/11.0d -u.,f "0.u63 L. - .. 5 v -- 3
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/1142 1001 100 Y 10091/1UW2 lOUL I /4 RL Trm. cc/L, 11 D-N Ir. IiNm) is) (%Alm) (%) (MiUM) (GA.L/lZ) (GAL/1112) UIIM 01 (b .'

10'? 1.8/4-8 0.067 0.022 0.91/ 0.92 0.003 44W2 2.0 GS it 5F 100 U
10? 1.8/ 8.8 -0.035 -0.005 0.91/ 0.47 A 0-063 7 9 2.0
107 1-./11.-8 -0.332 -0.033 0.91/ 0.47 -,0044 10 9M'9 2.0107 4.8/8.8 -0.102 -0.025 0.92/ 0.47 -j .113 4 999999 2.0107 4-8/11.8 -0.399 -0.057 0.92/ 0-4? -0.06C 7 9099999 2.0
107? 8.,/11. -0.297 -0.099 0.47/ 0.47 u.001 3 999999 2,0

10t 1-0/4.4 0.20, 0.031 2-63/ 2.6A 0.003 5 2647 6.4 GS RH10I 100 0100 1.0/8. 0.09 0.013 2.63/ 2.65 0.U03 11 12G00 6-4106 1.0 4.3. .0W7 0 0OW 2-65/ 3.17 0-044 19 2305 6.3
108 4.4/ 8.2 -0.117 -0q.05 A 2.64/ 2-.65 0.003 6 9999 6-4108 4-•AS1,.2 0.639 0.0713 2.64/ 3.17 0 .060 14 219? 6-3
10 8 8.2/1.3.2 0.?76 U.1b1 4.61!/ 3.11'? J.1U3 a 1054 6.3

J ,j / .i u o-121 U.8k3 14.-l/ 1'?.' ý5 0.334 7 246 3.7 GS R 5d iAj.) 10109 0.6/ 7.a 5.403 0-'?a 14.91A1 19.'74 0.6"71 14 293 3.7
00 0.-6/31.0 7*497 0.72± 14.91/ 21.37 0.621 20 3a3 3;6

WE) 4.0/ 7.d 2.449 0.645 17."7M/ 1:."4 0.525 7 314 3.6109 4.0/11.0 4-517 0.645 17. ?5/ 21.3? 0.517 13 341 3.6
104 7.C811.0 2.120 0.662 1;. 74/ 21.37 0.5&:3 6 . 3.6

S10 3.8/ 4.4 10.133 2.815 11.37/ 20.7? 2.,56 5 52 5.0 GS A 10d 100 10
110 0.8/ 3.2 19.W3 2.64,CA 11.37/ 2D.00 2.332 9 53 4-8110 0-8/11.2 26.5?3 2.573 11.37/ 35.56 2.326 13 53 4-7
110 4-.4/ 3.2 10.53:3 2.773 20.-72/ Z).00 2.180 5 49 4.7
110 -4./11.2 1da.b05 ] .74 2U0.72/ 35.56 2.18&3 3 4t 4.5
110 a.2/11.2 8.905 2.9e3 29.00/ 35.56 2.137 3 43 4-.4
112 1.0/ 4.8 -0.153 -0.040 0.95/ 0.97 0.004 8 9 4-2 GS R j 100 0112 1.0/ 8.8 0.535 O.-OE 0.95/ I.6 0.1.29 16 3000 4.2
112 1.0/12.-4 0.20% 0.016 0.95/ 1.51 0.049 Z3 11182 4.1112 4.8/ ý3.8 0.637 0.172 0.97/ 1.96 0.240 8 1190 4.1112 4-8/12.4 0.360 0.047 0.97/ 1.51 0.071 15 42'0 4.1
112 8-8/12.4 -0.39 -0.091 1-96/ 1.51 -0.126 7 999999 4.0

113 1.-/ 9.0 -0.142 -(=019 0.50/ 0.52 0.002 11 99999 5,7 GS R. 103 100 0113 1.4/12.6 -0.7?0 -0.06) 0.50/ O.b3 0.003 15 9994qg 5.6
113 9.0/12.6 -0.•-7 -0.174 0.52/ 0.53 0.003 5 999999 5.5

114 1-4/ 7.4 1-1D7 0.199 2-31/ 3-29 0.15 13 1070 4.0 GS R 5 100 1011l' 1.4./14.0 1I•de 0.126 2-31/ 3.81 0.119 26 16"5 4.0114 1•4/18.8 1.59 0.091 2.31/ 3-86 0.039 36 2297 3.9
114 7-4/11-.0 0-3D7 0.06) 3.29/ 3.81 0.079 13 39B 3.9
IIe 7.?-4/18.' 0.1I3 0.,036 3.29/ 3.86 0.051 23 963 3.9
11'. 14.0/13-.8 0.000 0.000 38,31/ 3.86 0.012 10 w 3.9

I
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F) TI1/T2 IOUK 100 Y 10001/10092 looz v 1/L li Nlo crort TO 1 DT

N r (14 IN) I %) I %/WIN IMMIN I IGALIA42 (GAL/1N21 bILTbIA 0I1 01

11.5 1-'./ 7.2 1.161 0.200 -0.40/ 0.50 0.190 8 719 5.6 QS ii 1o0 100 10

115 1.4/11.8 1.167 0o112 -0.49/ 1.00 0.143 15 1276 5.5

115 1.4/18.6 2.16? 0.126 -0.49/ 2.04 0.147 24 1120 5.4

115 7.2/11.8 0.U06 0.001 0.50/ 1.00 0.109 7 106491 5.5

115 7.2/18.6 1.013 0."w 0.50/ 2.04 0.135 16 1560 5.4

115 11.8/18.6 1.012 0.149 1.00/ 2.04 0.153 9 931 5.4

116 2.4/ 5.4 0.131 0.044 4.50/ 4.55 0.014 6 5043 3.8 GS R 5 100 20

116 2.4/ 9.6 1.217 0.169 4.50/ 5.50 0-1M 15 14 3.8

116 2.4/14.8 1.a96 0-.153 4.50/ 6.48 0.159 26 1418 3.7

116 5.4/ 9.6 l-037 O.Z5W 4055/ 5.50 0.oa 9 841 3.8

116 5-4/14.8 1.0?6? 0.Idd 4455/ 6.48 0.36 19 1143 3-?S 116 9.6(1"- O.EB9 0-1I2 5-50/ 6-48 O.186 11 1616 3.7

117 1.21 4-8 0.W3 0.146 0.9&/ 1.45 0.137 5 1000 5.3 Gi R li0i iUJ 20

117 1.2/ 8.6 1.036 0-140 0.96/ 1-96 0-136 11 1048 5.3

117 1.2/14-6 0.874 0.0C5 0o9&/ 2.00 0.O*3 19 222d 5.2

117 4:-8/ 3-.6 0.505 0.133 1-45/ 1.96 0.135 5 1096 5-2

117 4.8/14.6 0.3v 0.055 1.45/ 2.00 0-056 14 4128 5.2

117 8.6146 -0.164 -0.027 1.9&/ 2.00 0.00? 6 999999 5-1

1'I 1.4/'46 1.2-5 0.3a 6.25/ 7.56 0.410 7 50 5 3.8 GS A 1d00 30

113 1.4/ 8.0 1.057 0.266 6.25/ ?.() 0.219 15 88. 3.8

11-3 1.I11.0 .3.0'5 0U317 6.2,,Z 3.01 0.336 21 765 3-7

118 4.fz/ 8.0 0.43 0.144 7.56/ 7.* 0.033 7 1619 5.7

118 4-.6/11.0 1.?4 0.280 7.56/ 9.01 0.27 14 822 3-7

118 8.0/11.0 1.312 0.437 7.(/ 3.01 0.440 6 5a 3.7

I. 0.8/ 5.0 0.017 0.004 0.90/ 0.92 0.005 7 330e 5.3 GS R lod 100 30

119 0-8/ 8.8 -0.201 -0.025 0.90/ 0.47 -0.053 12 999999 5.3

119 0.8/11.6 0.526 0.04R 0.90/ 1.4Z 0'049 17 31"65 5.2

119 5.,0/ 8.8 -0.219 -0.053 0.92/ 0.47 -0.11oc- 6 999999 5-2

119 5.0/11.6 0.509 0.077 0.92/ 1.42 0.075 10 1963 5.2

119 8.8/11.6 0.726 0.259 0.47/ 1.42 0.340 4 534 5.1

1210 1.2/4.8 0.000 0.000 4.20/ 4.20 0.000 5 999999 1.6 GS R 5 50 0

121 0.4/ 5.2 1.1,33 0.237 2.72/ 3.91 0.246 12 1076 3.8 GS R 5 50 0

122 o./ 4.4 0.407 0.113 3-86/ *.34 0.134 14 36W 6.1 GS R 5d 50 0

123 2.4/ 4.4 0.317 0.158 3.57/ 3.57 0.030 3 883 2.1 Q I 4{,53 50 0

123 2.4/ 7.0 0.61 0.137 3.57/ 3-57 0.000 6 1021 2.1

123 4,4/ 7.0 0.315 0.121 3.57/ 3.57 0.000 4 1156 2.1

14 0.4/ 2.t 1.235 0.535 2.71/ 3.96 U.5'i 11 8,1 7.1 Gb .A bd 6U 0

134 0.4/ 4.6 2.042 0.4d6 2.71/ 4.53 0.446 I) -J% 7-0

I4 2-./ 4-.6 0.7? 0.426 3.93/ 4.*W 0.317 d 1100 7.0
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AIN TI /T2 lOUX 100OT 100kil/1O(d2 100Z v 14. RL Wo (I..CCI ¶10 DT'
Ne..M (11) % (dh~) ) (%M)4N) (GAL1M2) (GAL/102) )1LOTI (PI F)

125 1.4/ 4.0 1.334k 0.5,32 6.02/ 7.17 0.444 -3 446 S. Cs G ISt A0 5d0

12b 1.4/ -5.4 1.94w 0..341 6-U2/ 7.a) 0.3I3 112 0T37 3-7
125 4.0/ 63.4 0.-56N3 0-4,6 Y/.17/ 7.6J 0 O131 C? %l~ 37

133 U 06/ ;d.4 0.355 0.13? 21.51/ 21.51 0.002 97 2065Ud 5
1,25 0./ 5.0 0.913 U-.2W 21.51/ 22.- 9- 0.1.2 32 2.
1 -1 2.4/ 5.0 0.564 3.217 21.51/ 2Z..0) J.224 ?:A7) 2.0

12? 0.4/ 3-4 2.133 0#7.713 d .76/l10.55 0.595 7 331 3.7 GS 1 5if b0 5
127 0.4/ 5.4 2.5d6 0.-507p :3.76/ 10.91 U.430 12 5635 3.7
IZ? &3401 5.4 0.407 0.203 10.55 10.91 0.182 5 1324 .3.6

1-4J 1.41 6.- 4 .c3?9 U.400 10.i3t5 11-7.6 0.-3A1 9 112,5 5.) GS A~ 5d Z)U 5
123 1.2/ 5.6 2.134 U0.4&) 10.36/ 12.90 0.441 Id ga2 6.9
LN -',-4/ 5.6 1-.266 0.576 11.7.3/ 12.80 0-4~9U 9 W74 5.9j

1,!) 1-6/ Z- 3 0.000 0.000 10.60/10.00 0.000 .3 99t999 2.0 Gs 5td w0 5
129 1.W 6.0 0.241 0.055 10,60/ 11.25 0.151 6 2?50 2.0
i20 3- 3 / 6-U 0.241 U-104 10.60/ 11.26 0.3.31 3 137.5 2.0

1,30) 0.4/ 3.4 1.314 0.44B 0-00/ 0.00 0.000 14 0 7.00 Gsit 5 50 5

131 2.4/ 4.4 1..53 0.ER7 13.932/ A4.56 0.316 .3 226 1.9 G5 R tri .561 10
131 2.4/ 7.2 2.552 0.53a 13-92/ 15.72 0.3?5 6 2Z)5 1.9
131 4.4/ 7.2 1.175 0.420 14.56 15.02 G.417 4 372 1.2

13! 1.0/ 3.2 1.52t7- 0.E94 14.00/ 1.336 0.577 5 4183 36 GS it bti 50 10
IS? 1.0/ 5.4 2.120 0.4t32 14.0W/ 15-.93 0.41-J 11 631 3.6
1S2 3.2/ 5.4 0.603 ).274 1.5.36' 1,5.93 0.261 5 10.54 3. 6

13.3 0.0/ 3.2 1-6?0 0.506 14.193/ 15*60 0.4.33 13 A14 5.7 GS R 5d Si0 10
1,S3 0.0/ 3.4 2.349t 0.445 14.13/ 1 G3.93- 0.375. Lz 10.35 50.7

1&3 -5- ?/ 6-4 1.250 0.330A 15.60/ 16.6 au .U312 1,3 11'74 5.6

134 2.2/ 5.2 0-624 0.2w) 16.15/ 16.6? U.1735 4 774 1.9 CS A~ zd 5U) 10
134 eo?-/ 9.2 1.034 0#172 16.15e 17.1L-3 0-171 d 9.54 1.9

1,34 5. 2/ 3.2 0.412 0.13? 16.67/ 17.1:3 U.1'90 4 1171 1.9 -
135 0.6/ 4-8 -0.003 -0.001 -3*3.11 -3.453 -04007 5 ~9434 14.1 G L 4OF 't 21
13b (1.6( 4.4 0.3)3 0.045 -&.31/ -2-94- U.041 10 2436 14.0
136' 4.,-s/ J.4 0.3A)? 0-06 -. 3/ 6-2W 0.U35 5 125? 14.0

13.3 1-Y 4.6 G .000 0.000 0.00/ U.00 0.-000 2 0999t9- 9.0 G, L 41W 16 21

136 1.53/ 7.6 04000 ).000 0..JO/ 3.00 0.000 4 09999 3-0
lY- 6./ 7.6 0.000 0.000 0 --,!/ O.uu O.JCO 2 9990'#) 9.0

1 -7 1.3/ 4.2 0.212 U. 433 0-45/ 0-4-9 0.103 4 2090 22.9) G L 40F 75 21
1,-r 1 V .- I 0-10 OUJU 0 -Z5/0.5 U-,51 a O43 22.0

1? ./.4 -0.072- -0.C3.. U.4L/ 0.50 0.001 4 93994-4 22.6
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-RN n T1/V2 IOX lOot 1001/10UN2 100Z v 1/L t6 MIrv CC/I .v i DT
m Ce (K IN) M7. (%MlN) I% (MUM1b) (GAL/IHi2| IGALAI,#IZ nLT[iR (D I F)

•, 1&:: O.2 2-0 -0.141 "--CO'A) 4.*47/ 3-47 0,000 2 %949 14.2 G L 4OF 95 21
f1M 0-2/ 4-0 -O.-495 -0. usO &,,47/ 3.1U -0-.kW, 4 99A• 14.2

l13 2.01 4.0 -. F -0-177 6.47/ 3.10 ,-'0.L37 2 99-V 14.2•
(

1.:39 0.2/ 2-6 -U*29.5 -0.12Z3 6,12/ 6-I12 0.000 2, 7*6J::39 G L WIF 75 41

S140 1-(! /&4 0-466 0.206 4.03/ 4076 0.233 3 711 2-2 G L 5d4 95 2-1
S 140 1-0/ 694 G .7u19 0.1;31 4.08/ 4,76 U.126 a 1115 2.2
S140 3S4/ 6%4 00216 0.072 4.",?W' 4* 76 0.s0OO, 4 20.30 2.2

141 1.2/ 4-4 ).949 0.296 5.34/ 6-15 0-253 8 87? 3,8 L 'H 5 521

141 1.?/ 6-6 1-5w0 0.209 5.34/ 6-56 0.226 13 896 3.8
141 4.4/ 6.0 0.61" 0,21 6-15/ G- 5b 0.316 5 915 3-a

142 0.6/ 3-0 0.4"•T 0-200 1.00/ 1-75 0.312 9 2002 6.2G L 5 ?5 21
142 0..-' 6-0 1.719 0.31-3 1.00/ 3-00 0.3?1 21 1245 6.1
142 3&0/ 6.0 1.24c 0.416 1.'5/ 3.00 0.41a 12 950 6.1

143 1.0/ 5-6 0.94.3 0.206 0.00/ 1.42 0..,i3 6 67? 2.50 Ri 5d "5 0
:143 1.0/10.0 1.i•9 0.131 0.00/ 1.42 0.153 16 106b 2.5

143 5.6/10.0 0.234 0.056 1.42/ 1.42 0.000 6 2615 2.4

144 2.-V ;-2 0 .- W3 0.211 7.41/ 8.15 0.195 9 1277 4.4 G tl 5d 95 0
144 2.4/ 9.2 0.94, 0.13"P 7.41/ 8.18 0.113 1? 1925 4.4

144 6.2/ 9.2 0.149 0.050 8.15/ 8.1W 0.010 7 5365 4.4

145 06/ 3.4 0.250 0.09 3.17/ 3.42 O.O60 11 4'55 7-.0 G , A5 5 0
145 0.6. 6-6 0.7,'4 0.126 3.1'7/ 4.16 0.164 24 3w C69
145 3.4/ 6.6 0.505 0.156 3&42/ 4-16 0.229 13 257S 6.9

146 1.8/ 4.6 -0.#9 -0.062 282/ 2.82 0.000 4 999W9 2.3 G R ai '5 6
146 1.8/ 9.2 0.4,54 0.061 2.2/ 2.d2 0.000 10 231? 2-.3
146 4.6g 9.2 0.3B1 0.143 ?-.82/ 2.82 0.000 6 956 2.3

147 0.6/ 4-4 -0.250 -0.066 480/. 9.-52 -0.013 9 •99 4.2 G R 5. ?5 6
147 0.6/ 7.6 1.758 0.251 9.,5/ 11.-W 0.#26 17 10?? 4-2
147 4.4/ 7.6 2.004 0.6256 9.?W 11.E 0.647 8 454 4.-

140 1-0/ 5.2 0.501 0.119 2.37/ 2o% 0.097 5 960 14-8 G R 4OF 75 10
143 1.0/ 7.8 0.441 0.0.35 ?.37/ 2.?9 0.0a 8 1rM 14.8 1
143 *.2/ 7.8 -0.061 -0.023 2.'B/ 209 0.004 3 999999 14.8

140 1.2/ 4.2 0.000 0.000 0.7 0.73 0.000 2 9 8.2 it 40F 'Z5 10
;: 4• .2/8 '.6 -. j.*.r2 "-0.194 O.r.. 0.'73 0.000 5v 8.

148 2.2/ 8.6 -0.6)2 -0-094 0.- W 0.73 0.00 5 99•'9 3 .2

573
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RUM T1 '2 IOOX 1OOY 1OEMl/l1UO2 looz V 1/., RE ifc, CC",I, TD DT
h .C. (MINI MI (%d.IMIN) M (%1ih fGALiN[21 (GAL./1lM2 bILT1• (,I W I)

150 0.4/ 2.8 -0.S21 -0.134 1.74/ 1.'5 0.002 4 2 23.-8 A 4O F "; 10
150 0.4/ 4.4 --0406 -0.011 1.74, 2.00 0.0, 7 9 23.7
151) 2.9/ 4.4 0.21? 0.173 1.?5/ 6.00 0.15t 3 1050 46-7

151 1.4/ 5.2 --0.253 -0.077 3.82/ 3.45 -u.U97 4 9-9-3 14.3 G m 40F ?5 21
151 1.4/ 3.4 -0.635 -0.0W6 6.v,•2 ,5.10 -0.00 - 999-999 14.2

151 5-2/ 9.4 -0.331 -0.093 3-4.5/ 3.10 -0.0-3 5 ?gO999 14.2

152 2.0/ 4.2 0.036 0.016 2.27/ 2.53 0.U11 4 10912 21.9 G, R 40F 75 21
152 2.0/ 7.6 0.131 0.03? 4.27/ 2.54 0.049 10 7631 Z1.8
152 -. 0/11.4 -0.0,6 -0.004 2.27/ 2.55 0.030 16 949939 21.8
152 4-.2/ 7.6 0.095 0.0O 3 2.55Y 2.54 0.004 6 6575 Z1.7
152 4-2/11.4 -0.072 -0.010 2-5,V 2-55 0.013 13 9 21-7
152 7.5/11.4 -0.103 -0.044 2.54/ 2.55 0.-02 7 99499 21-7

153 1.G/ 3.6 0.273 0.1,9 0.00/ 0.¶2 0.362 3 935 2-4 G L 5H 100 25
153 1.6/ 5.6 0.3`5 0.197 0.00/ 1.44 0.-33 6 W35 2-4
153 3.6/ 5.8 0.551 0.250 0.72/ 1.44 0.-35 5 547 2.4

154 3.2/ 6.0 0.000 0.000 3.14/ 3.14 0.000 7 49999) 4- G L 5i 100 25
154 3.2/10.0 0.373 0.055 3.14/ .3.39 0.111 17 4652 4.3
154 6-0/10- 00. •3 0.093 3"14/ 3-89 0.186 10 2767 4-3

155 2.0/ 4-4 0-.162 0.076 2.15/ 1.46 -0.9Zl 3 13823 2.4 G L 91 100 25

155 2.0/ 6.8 0.1/2 0.0,33 2.16/ 1.46 -0.146 7 3%17 2,4
156 4-4/ 6.8 0.000 0.000 1.46/ 1-46 U.000 3 944999 2.4

156 0-6/ 2-6 -0.141 -0.071 0.24/ 0.24 0.000 a 993999 7-2 G L % 100 25
156 0.6/ 5.0 U.067 0.015 0.24/ 0.49 0.056 1b 267?5 7.2
156 2.5/ 5-0 0.;203 0.087 0.24/ 0.4d 0.102 10 4710 7.2

1567 3-/ 5-656 0.255 0.125 0.74/ 1.47 0.-s3 1 432 7.7 B L 40 F 75 19

13? 3.6/ 3.6 0.255 0.051 0.74/ 1.47 0.147 3 MS205 7.7
197 5-6o' 3.6 0.000 0.000 1.47/ 1-47 0.000 2 7.7

153 2.0/ 4.6 0.103 0.0Y7 0.40/ 0.40 0.030 3 3104 14-3 B L 4OF 75 19
153 2.0/ -3.3 0.270 0.04" 0.-.•/ 0,80 0-0(3 3 2a53 14.2
153 4-8/ 3-3 0.1(33 0.042 0.40/ 0.30 0.101 5 2T,07 14-2

153 ,.6/ 3-6 0.115 0.05B -0.41/ -0.2,5 0.123 4 3WJ 23-3 B L 4F ?5 14
153 1.6/ 6.8 -0.097 -0.014 -0.4L/ -0.25 0.047 10 ý939 23.2
159 3.6/ 6.3 -0.213 -0.066 -0.25/ -0.25 -0.OU1 6 99999 23.1

Iltu 1.3/ 3.0 -0.130 -0.C2 V1/A / I/A N/A 7 ' 0/A 0.7 R -V 7W 1F
I 1(O 1.3/1,.6 0.1].j O.uw I/iA / H/A 'V.A 14 V/A ).'/

it) 1.3/32.2 -0.001 -0.000 'I/A / !NA 'II20 '1/A 0.7
1WlJ d.lV1 .-6 0.•93 O.0'k 'P/ / '/A 7 '0/A 0.7

1 iW 3.0/2N.2'. 0.1% 0.015 ViA / NIA V/A 15 'V/A 0.7
Ittu iw.'/.)..p -0.120 -O..1 i/: / W/A N/A C) 'I/A 0.7

1 bl U-6 ,.4 U -bo U. •i I/A / o//A V 4A NiA 0.U9 b e ' Yt- )

161 0./I U .2 0.02? 0.OU?7 VHA / 'I/A N/A 4 N/A 0.9
161 2.-4 4.2 -0.0ý) -0.033 N/A / N/A V/A 2 VA 0.9
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Wi /Vt1 loOX 100'( 1oow1/10oow 100L 1 I/L RE bl¶J, cri.#L 10 DT

tAG. (MN) M% I5,%"KIWI 1M (%A41111 (GAL/121 (GAL/192) )ILTflE F ID )

1t W 3.3 -0. 1?3 - -. k5) ',/A I AVP N.' /A 0. 137'(

uk~./14 -. W -0.0 t/A "It I VA I/A 63 VA o. L3

dLk A/ /A *ffI

1 t '. 03/ 7-3 -. 0 -- v' ~ ,t /J O/A 3 ? *o/f 0-7C

(.. .z. 6 0 0.6 U06 '.U I/A I i/A './A /A 0. 7

I C 6. V/ 7.3 - U. CO) -o. .. 31 A A I iYA 1/f'A (0.7

1w L. 6 7.3 -114 V~~~~A I l/ A i/A ;/A 0.7

-K ~.W1. ').2e .Ck. /A I '.1A /V.3 W 1.1
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